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THE RELATION OF THE HYDROGEN-ION CONCEN- 
TRATION TO THE TEXTURE OF EMMENTHAL OR 
SWISS CHEESE* 


PAUL D. WATSON 


Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture 


INTRODUCTION 


The object of the work described herein was the determination 
of the relation of the march of hydrogen-ion concentration in 
Emmenthal or Swiss cheese to the texture. In this research 
differences in the proteolysis and the moisture of the cheese were 
correlated with the above factors. For the purpose of compara- 
tive study variations were produced by the use of two starters, 
the ga starter, a bulgaricus organism with a mycoderm, and the 
39a starter, an old strain of Lactobacillus bulgaricus. 

Orla-Jensen (1) has studied the influence of the degree of acidity 
upon the consistency and ripening process of Emmenthal cheese 
and this work will be referred to later. Boekhout and Ott de 
Vries (2) found that an excessive amount of free lactic acid was the 
direct cause of brittle texture in the Edam cheese. Van Dam’s 
(3) researches on Edam cheese indicated that the texture was a 
phenomenon of colloidal chemistry, and that an excess of hydrogen 
ions also produced a hard and brittle texture. He also found that 
the progress of ripening was dependent upon the proportion of 
acid present. Leitch (4) who worked with English Cheddar 
cheese stated that the degree of acidification of the curd was the 
factor which exercised the greatest control over the texture of the 
cured cheese. In an investigation of Cheddar cheese Van Slyke 
and Hart (5) found that excess acid produced a dry, harsh, and 
hard texture and that cheese having the most moisture generally 
contained the largest amounts of soluble nitrogen. Van Slyke 

* Received for publication December 7, 1929. Presented before the Division of 


Agricultural and Food Chemistry at the Seventy-sixth Meeting of the American 
Chemical Society, Swampscott, Mass., September 10 to 14, 1928. 
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(6) also found that excessive moisture produced a texture of unde- 
sirable softness, while deficient moisture favored a dry and 
crumbly texture. It appears, then, that moisture and acidity exert 
an influence upon the texture and ripening of cheese, and this has 
been brought out in the present study. 

Although considerable interest has been attracted in recent 
years to the significance of the hydrogen-ion concentration in 
biochemical phenomena, it is thought that control of this factor 
does not always imply entire control of the cheese-making process. 
Moreover, the variability which is ever present in biochemical 
processes and the fact that only very limited correlations can be 
carried out in one laboratory prevent synchronous studies from 
having the completeness desired. 


EXPERIMENTAL METHOD 


Each pair of experimental cheese was made upon a separate day 
under carefully controlled conditions which approximated com- 
mercial practice. Precautions were taken to have identical milk 
and the same quantities of starter, eye culture, and rennet in each 
cheese of a pair. The deviation in the making of the two cheese 
consisted in the addition of the ga starter to one and the 39a 
starter to the other, 0.25 per cent being added in each case. 
The starters were grown in skim milk for 18 hours at a tempera- 
ture of 42°C.; the ga starter averaged 1.9 per cent of lactic 
acid and the 39a starter averaged 1.3 per cent. Each cheese 
weighed between 50 and 60 pounds when green. 

The last six pairs of cheese in table 1 were made from milk which 
had been ripened by holding over night at a temperature of 
approximately 16°C. This ripening was irrelevant to these 
experiments. The cooking temperature of all the cheese was 
53°C., with the exception of three pairs in the preliminary experi- 
ments which varied one degree from this figure. 


METHODS OF STUDY 


Determinations of pH and lactose content were made while the 
cheese were upon the press during the first 24 hours after dipping. 
Comparative studies were also made of the pH, proteolysis, mois- 
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TABLE 1 
Comparison of cheese made with ga and 39a starters with reference to the pH, lactose, 
proteolysis, moisture and freezing points 


VARIA- ae 

TION IN pH at PROTEOLYSIS a 

STARTER 

3 nper| Eg 

g a a 

312 |1.8/6.14/5.13 |5.59| 0.00/21.0\10.8] 51.2) 35.1 | —7.7| 4.56 | 10 
312-1 |39a |1.3/6.31/5.48 |5.68| 0.81/19.6| 41.4) 35.1 | —8.6] 4.08 | 30 
ga /1.7\6.06)5.09 |5.60| 0.00/23.5|13.7| 58.4) 34.1 | —7.0| 4.87 8 
314-1 |39a |1.2/6.31/5.50 |5.75| 0.74/24.5/10.7| 43.8) 35.1 | —7.2) 4.88 | 44 
ga |1.6/6.21/5.05 |5.50| 48.7) 34.2 | —7.0| 4.89¢ | 18 
315-1 |39a |1.3/6.35/5.55 |5.80| 0.91/27.0/11.1] 41.3) 34.8 | —6-6| 5.27 | 52 
/2.1)5.85)5.01 [5.60 32.8|16.8| 51.3] 34.2 | —7.5| 4.56¢ | 18 
-1 |1.46.14/5.25 (5.75 33.4/15.0| 44.8] 34.7 | —7.0| 4.96 | 76 
\ga |1.9)5 5.65 27.7|17.1| 61.7] 33.3 | —8.1) 4.11¢ | 15 
373-1 |39a |1.4/6. 5.58 24.0/12.6| 52.5| 34.3 | —7.6| 4.51 | 61 
x/ 428-1 |ga /2.0)5.89)5.00 [5.54 23.7/16.1| 67.9| 35.0 | —7.4| 4.73¢ | 13 
428 |1.3/6.19|5.29 |5.39 24.2)11.4| 47.3) 34.4 | —6.6| 5.21 | 41 
x/ 429-1 23.9|14.4| 60.0} 33.3 | —8.6| 3.87¢ | 5 
429 (39a |1.3/6.18/5.35*|5.50 25.0)12.7| 50.8) 33.5 | —8.0) 4.19 9 
x/ 430-1 ga |2.0/5.83/4.98 |5.58 34.7/22.6| 65.2) 33.5 | —9.0| 3.72t| 6 
430 (39a |1.5/6.04.5.19 |5.47 26.6/12.8| 48.0] 34.5 | —7.8| 4.42 | 30 
431-1 1.9'5.99}5.01 5.65 23.1|15.8| 68.7; 32.3 | —8.7| 3.71¢| 5 
431 39a |1.36.29'5.38 (5.48 27.2|12.8| 47.1) 32.9 | —7.5| 4.39 | 33 


Pairs marked x were made from ripened milk. 

* pH at 23 hours. 

+ The ga cheese generally had a smaller percentage of moisture per degree of 
freezing point lowering than the 39a cheese, which indicated a greater percentage 
of “‘bound”’ water in the latter. 
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ture, freezing point, and texture, when the cheese was 3.5 to 5 
months old. These data are tabulated in table 1. Figures 3, 
4, 5, and 6 are based on the results shown in the table. 

The quinhydrone electrode was used for the pH determinations. 
The two electrodes used for the whey and plug samples are shown 


POC 


€O7 ON 


CMLORIOE 


Fig. 1. Types oF THE QUINHYDRONE ELECTRODE USED FOR THE MEASUREMENT OF 
HyDROGEN-I0N CONCENTRATION 


A, Cullen and Biilmann capillary electrode; B, Knudsen cheese electrode 


in figure 1. This method has been previously described by the 
author (7). 

The lactose content was determined by the colorimetric picric 
acid method of Bierman and Doan (8), which is a special method 
for dairy products. 
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The amount of total and soluble nitrogen in the first three pairs 
of cheese in table 1 was found by the direct nesslerization micro- 


AGE 


Fig. 2. Curves SHow1nG THE VARIATION OF pH Durine a 20-HoUR PERIOD IN A 
Pair OF CHEESE MADE WITH THE Two STARTERS 


Fig. 3. Curves SHOWING THE VARIATION OF pH Durine 4 10-Hour PEriop IN A 
Pair OF CHEESE MADE WITH THE Two STARTERS 


Kjeldahl methods of Golub (9) and of Koch and McMeekin (10); 
the digestion was carried out according to the former, and the 
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COMTAARISON OF FWE EFFECT OF THO STARTERS 
CPON FAE AVY OROGEN CONCENTRATION 


Fia. 4. CoMPARISON OF THE Errect or Two Starters Upon THE HYDROGEN-ION 
CONCENTRATION 


COMPARISON OF THE EFFECT OF TWO STHATERS THE 
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5. CoMpaARISON OF THE Errect or Two STarTERS Upon THE PROTEOLYSIS 


nesslerization according to the latter. The amount of total and 
soluble nitrogen of the remaining pairs was determined by the 
gasometric micro-Kjeldahl method of Van Slyke (11). 
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The water soluble nitrogen content was measured by extracting 
a 25 gram sample with water at about 50° to 55°C. and making it 
up to 500 cc. volume. The solution was then filtered and aliquot 
samples taken for analysis. In the first two pairs of cheese the 
samples were extracted after the method of Van Slyke and Hart 
(12) and the remainder after that of Teichert (13). 

The amino nitrogen content of the water soluble extract was 
measured in the Van Slyke (14) apparatus for the determination 
of aliphatic amino nitrogen. The small quantity of ammonia in 
the extract was not removed, as Van Slyke states that good com- 


RELATION BETWEEN PROTEOLVGSS AND TEXTURE 
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Fia. 6. RELATION BETWEEN PROTEOLYSIS AND TEXTURE 


parative results can be obtained without this precaution if condi- 
tions are kept constant. 

The values obtained by these methods in the various nitrogen 
analyses of the cheese are comparable to those found by other 
investigators (15). 

The moisture content of the cheese was determined upon 4 to 
5 gram samples mixed with dry sand by using the vacuum oven 
method at 98° to 100°C. for a period of 7 hours. 

The freezing point of the cheese was measured electrometrically 
by means of thermocouples according to the method previously 
described by the author (16). 
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The texture of the cheese was measured by means of a penetrom- 
eter. The number of hundredths of a centimeter that a needle 
weighted with 200 grams penetrated the cheese in a period of 15 
seconds at a certain temperature was recorded as the texture. 
The texture readings were generally taken from texture curves 
for the temperature of 18°C. 

The samples for the various tests were taken from as near the 
center of each cheese as possible, and the determinations were 
made in duplicate except in the case of cryoscopic measurements. 


PRELIMINARY EXPERIMENTS 


Some preliminary experiments were made which served as a 
basis for the later procedure. The results of these experiments 
are not tabulated herewith, but are merely summarized. Four- 
teen pairs of cheese were made in the manner described above with 
exceptions of only minor importance, and the following results 
were arrived at: 

It was found the the hydrogen-ion concentration in the ga 
cheese at 3 hours and 21 hours after dipping was, respectively, 
1.6 times (average of 12 pairs) and 1.9 times (average of 10 pairs) 
that of the 39a cheese. 

The lactose content as determined for three pairs of cheese 
after 21 hours, and calculated upon the wet basis, was 0.5, 0.7, 
and 0.8 per cent for the 39a cheese as compared with none for the 
ga cheese. Tests made upon a 39a cheese indicated that only 
a trace of lactose was present after 45 hours. 

The amino nitrogen content of the cheese itself, not the water 
soluble extract, was determined for three pairs and the excess 
present in the ga cheese over that in the 39a cheese was calculated 
upon the dry basis to be 55, 47, and 23 per cent. 

The texture of 11 pairs was measured and in all cases the 39a 
cheese was superior to the ga cheese, the average texture value of 
the former proving to be 2.8 times that of the latter. 

The moisture of 10 pairs was determined at maturity, and it 
was found with one exception that the moisture in the 39a cheese 
exceeded that in the ga cheese, the average moisture content being 
1.7 per cent greater. 
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The results briefly outlined above serve to corroborate those 
obtained subsequently in the nine experiments which are pre- 
sented in table 1. These later data are more nearly complete 
and are discussed separately below under several heads. 


Hydrogen-ion concentration 

The concentration of hydrogen ions in cheese is of essential im- 
portance: firstly, in its effect upon the bacteria and enzymes; and 
secondly, in its effect upon the physico-chemical condition of the 
proteins. Clark (17) has stated that hydrogen-ion determina- 
tions represent the effective relative pressures of the hydrogen 
ions, and that in one sense an insuperable difficulty is introduced 
in the rational consideration of cheese, because these effective 
pressures are influenced by the presence of other ions of high 
charge and effective ionic radius. 

The fermentation of the lactose apparently reaches completion 
at about pH 5.0, the high buffering value of the curd permitting 
its continuation until the lactose is entirely consumed, whereupon 
the growth of the organisms is largely inhibited for lack of sugar 
which supplies the carbon necessary for their sustenance. The 
rate at which the fermentation proceeds will depend largely on 
the number and vigor of the lactic bacilli. Furthermore, it is 
known that the activity of the various enzymes responsible 
for the subsequent ripening is influenced by the degree of acid- 
ity which is developed in the curd, the activity of the rennet 
enzyme being favored by acid, while that of the other proteolytic 
enzymes is retarded (1), (18). 

Due to the presence in the green cheese of a large amount of 
buffers, such as the insoluble calcium salts, in comparison with 
the small quantity of lactose, the lactic acid formed is neutralized 
in great part, and free lactic acid is present only in restricted 
amounts as indicated by the hydrogen-ion concentration deter- 
minations. Van Slyke and Bosworth (19) have shown that as a 
result of the action of the lactic acid upon the calcium paracasein- 
ate of the curd, lime is abstracted from the casein and it becomes 
soluble in a 5 per cent salt solution. According to Orla-Jensen 
(1) this property is lost in the presence of an excess of acid and, 
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therefore, the acidity of the curd has an important influence 
upon the consistency of the cheese for the following reason: When 
a slightly acid curd is placed in brine in the salting process, it will 
swell as if tending to dissolve, becoming elastic and semi-trans- 
parent, while an excessively acid curd will remain brittle for a 
long period. 

The divergence in pH which occurred during the first 20 hours 
in the cheese made with the ga starter and the 39a starter is 
shown in figure 2. These curves show the results obtained from 
a pair of cheese in the preliminary experiments, and are typical 
of those which were generally obtained. In figure 3 are shown 
similar curves plotted over a 10-hour period for one of the pairs 
in table 1. 

The average hydrogen-ion concentration for the two groups of 
cheese after 3 hours and 21 hours is shown in figure 4. It is seen 
that the average hydrogen-ion concentration of the ga cheese is 
1.7 times that of the 39a cheese after 3 hours and 2.1 times after 
21 hours. It was found that the lactose in the ga cheese had 
disappeared after 21 hours, but that in the 39a cheese it ranged 
from 0.7 to 0.9 per cent. As is to be expected, the hydrogen-ion 
concentration of the cheese was inversely proportional to the 
residual lactose. 

A number of studies which have been carried on with cheese 
made with both starters indicated that the pH of the two cheese, 
after a few days, tended to approach the same value in the region 
of pH 5.1 to 5.2. The pH of the two cheese then gradually 
increased and at the same time deviated again until maturity 
when it ranged from 5.4 to 5.8. The gradual increase in pH 
is presumably due to the destruction of the lactic acid and the 
liberation of the alkaline products of protein decomposition. 
The pH value of the cheese at maturity appeared to have little 
significance in regard to the other factors studied. The march 
of hydrogen-ion concentration in Swiss cheese is comparable to 
that found in Edam cheese by Van Dam (3). 
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Proteolysis 


The degree of proteolysis or disintegration of the insoluble 
proteins occurring in the ripening of cheese was studied by deter- 
mination of the percentage of total nitrogen changed into the 
water-soluble form and the proportion of the latter converted to 
amino nitrogen. The data obtained served as a general measure 
of the extent and intensity of the proteolytic cleavage. 

The difference in the proteolysis of the two cheese is shown in 
figure 5. It will be noted that the total nitrogen converted into 
soluble form averaged 26.7 per cent for the ga cheese as compared 
with 25.7 per cent for the 39a cheese. It will be seen that the total 
nitrogen changed to amino nitrogen averaged 15.8 per cent for the 
ga cheese as against 11.9 per cent for the 39a cheese. Further- 
more, it is shown that the soluble nitrogen converted to the 
amino form averaged 59.2 per cent for the ga cheese as compared 
with 46.3 per cent for the 39a cheese. 

The data indicate further that the extent of the proteolysis as 
shown by the soluble nitrogen in percentage of total nitrogen was 
not markedly different in the two cheese, but that the intensity 
or thoroughness of the proteolysis as shown by the amino nitrogen 
when expressed in percentage of soluble nitrogen was much 
greater in the case of the ga cheese. 


Texture 


When the texture of the two cheese was compared, the softer 
cheese, or those with the higher penetrometer readings, were re- 
garded as superior to the tougher cheese or those with the lower 
penetrometer readings. The word texture, as often used in relation 
to cheese, refers to firmness or consistency of body as well as to 
the quality of compactnesss. The penetrometer readings are not a 
measure of all the factors responsible for the texture of a cheese, 
but they have a direct relationship to them and afford a conven- 
ient means of numerical comparison. It is at once apparent from 
figure 6 that the 39a cheese were far superior in texture to the ga 
cheese, the average penetrometer readings of the former being 
almost 4 times as great as those of the latter. In each pair 
the 39a cheese invariably possessed the better texture. 
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Moisture 


The data show that the 39a cheese generally had a little higher 
percentage of moisture than the ga cheese, the average difference 
being 0.5 per cent. Since this difference is not very marked, 
it was thought that there might be variations in the state in which 
the water was held in the cheese, that is, in the proportion of the 
“free’’ to the “bound” water. The water which is incapable of 
being frozen may be regarded as “bound” water and the remainder 
as “free’’ or interstitial water (20). 

The theoretical freezing point of a cheese just after it is dipped 
is approximately that of the whey (—0.55°C.). Since the mois- 
ture content of a cheese does not decrease markedly with the 
ripening but since a considerable freezing-point lowering occurs, it 
was indicated that water must be removed from its réle as sol- 
vent, probably by chemical combination with the proteins 
of the cheese. It was apparent, therefore, that cryoscopic data 
might be of service in this differentiation of the state of the 
moisture in cheese, and freezing point determinations were made 
upon each. 

An examination of the data in table 1 shows that the ga cheese 
generally had a lower percentage of moisture and, as was to be 
expected, a greater depression of the freezing point than the 39a 
cheese. However, if the percentage of moisture per degree of 
freezing point lowering for each cheese is calculated, it is apparent 
that with one exception this value is greater for each of the 39a 
cheese, a fact which indicates a greater percentage of “bound” 
water in the 39a than in the ga cheese. This follows from the 
assumption that when there is more water per degree of freezing 
point lowering in one cheese than in another, there is then more 
of the water in the former incapable of being frozen, and there- 
fore bound by the protein. These data were checked by means of 
another type of experiment upon a pair of ga and 39a cheese in 
which 4 ground samples of each were subjected to a force of 1000 
times gravity for 40 minutes in a centrifuge. It was found that 
the 39a cheese retained 3 per cent more of its moisture than did 
the ga cheese. This difference also points to a firmer binding of 
water in the former. 
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The fact that the proteolysis in the 39a cheese was less thorough 
than in the ga cheese may account for this difference, inasmuch 
as the greater splitting of the proteins in the latter would free a 
greater amount of water. However, if the difference in the state 
of the moisture in the two cheese existed in the earlier stages of 
ripening it may partly account for the variation in proteolytic 
cleavage which occurred, since Gortner (21) states that it seems 
probable that the direction of enzyme action in proteins is largely 
influenced by the ratio of ‘“‘bound’’ to ‘‘free’”’ water. 


CONCLUSION 


It is evident from the data presented that the use of the ga 
starter, a bulgaricus organism with a mycoderm, resulted in a 
markedly greater development of hydrogen-ion concentration 
in the cheese during the first day than occurred with the 39a 
starter, an old strain of Lactobacillus bulgaricus. This great 
difference in acidity resulted in a more thorough proteolysis and 
a much harder texture in the ga cheese than in the 39a cheese. 
It was also indicated that less water was bound by the protein in 
the ga cheese than in the 39a cheese. The 39a cheese generally 
contained a little more moisture than the ga cheese, but it is doubt- 
ful whether this difference was great enough to be a major factor 
in the marked deviation in texture which occurred. 

A significant point in this consideration is that the results of the 
preliminary work showed a greater difference in moisture but less 
difference in texture between the ga cheese and the 39a cheese 
than existed between the two groups of cheese in table 1. It was 
also noted that 4 of the 19 pairs of cheese upon which moisture 
data were obtained showed little or no difference in moisture but 
a marked difference in texture, while in another pair (428) the 
39a cheese with its superior texture contained 0.6 per cent less 
moisture than its mate. 

It is known that Cheddar cheese becomes soft and mellow as the 
proteins are changed form insoluble to soluble forms. However, 
it is at once apparent from these experiments with Swiss cheese, 
that the production of a desirable soft texture was not necessarily 
coincident with the highest degree of proteolysis, quite the 


| 


302 PAUL D. WATSON 


opposite being the case. In this connection it has been pointed 
out by Eldredge and Rogers (22) that a difference exists in the 
texture of the Swiss and Cheddar cheese, although the major 
chemical changes are similar for both types. The changes in the 
protein occurring in both cheese have been followed closely by 
several investigators (23). 

It seems probable, therefore, that variations in the colloidal 
structure of the cheese, as shown by the difference in the binding 
of the water, exert an important effect upon the texture, but fur- 
ther work will be necessary in order to clear up this phase of the 
investigation. These experiments indicate, however, that the 
choice of the starter is an important factor in the control of the 
hydrogen-ion concentration, ripening, and texture of Swiss cheese. 
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THE COMPARATIVE ACCURACY OF THE DIRECT 
MICROSCOPIC AND AGAR PLATE METHODS IN 
DETERMINING NUMBERS OF BACTERIA IN MILK* 


JAMES D. BREW 
Cornell University, Department of Dairy Industry, Ithaca, N. Y. 


Laboratory technicians and investigators, interested in the 
sanitary control of milk supplies, have given considerable thought 
to the comparative accuracy of the various methods advocated 
or regularly employed in bacterial control. The cultural plate 
method has been universally accepted as the standard, primarily 
because it was the first by which it was possible to make counts 
of bacteria and because of its official adoption. 

The tendency has been, and still is, to regard marked devia- 
tions of the results obtained by any new method, from those 
obtained comparatively by the official agar plate method, as 
conclusive evidence that the method in question is unsatisfactory. 
For example, the widespread opinion is that counts by the direct 
microscopic method are highly variable and are so inaccurate 
that their application is limited. This conception is well illus- 
trated by the following quotations (1): “The error in estimate is 
probably quite large.’”’ “It should be used for general grouping, 
rather than for estimates of actual counts.”’ While the first 
statement is qualified, yet it is easy to understand why the 
inference is drawn by many readers that counts by the official 
plate method must be less variable and more accurate. It is 
well known that, with these thoughts in mind, many Health 
Officials refuse to attempt any type of laboratory milk control if 
they are unable to maintain a laboratory equipped for the mak- 
ing of plate counts. 

For the most part, conclusions regarding the accuracy of the 
direct microscopic and agar plate methods have been based upon 
an analysis, by inspection only, of comparative counts of bac- 
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teria in duplicate samples of milk. Such an analysis may be 
misleading because the actual differences do not always stand 
out and because too much reliance is oftentimes placed upon 
averages. 

If it were possible to make a count of the total number of 
micro6érganisms in a given quantity of milk, as it is to count the 
peanuts in a jar, it would be easy to determine the accuracy of 
any method. But, this being impossible, we are forced to judge 
the comparative reliability of any two methods by making a 
long series of estimates of the number of bacteria in duplicate 
samples. It is then necessary to make a statistical analysis of 
the data, in order to determine the significance of the variations 
found. 

In the interpretation of any statistical analysis of bacteria 
counts caution must be exercised in drawing conclusions. There 
are other factors which should be considered that are not neces- 
sarily brought out in the statistical data. For example, it is well 
known that, in general, a low count milk is more satisfactory 
than a high count milk; irrespective of the wide variations or of 
the errors that may be pointed out by those who criticize the 
methods employed in making counts of bacteria. The greatest 
criticism, after all, may arise from an erroneous application of 
the principle of bacterial control due, unquestionably, to a lack 
of knowledge regarding the true limitations. 

In 1917 Brew and Dotterrer (2) reported comparative counts 
made upon 643 samples of raw market milk as delivered by the 
producers to the fluid milk plants in Geneva, N. Y. Of these 
643 samples counted, 491 represent counts made on plain nu- 
trient agar and 152 on lactose nutrient agar. These studies 
were made prior to the adoption of the first Standard Methods 
of Milk Analysis. An effort was made, however, to employ a 
technique which it was thought would yield the highest plate 
counts possible. 

The media used was made according to the following formula: 
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To this was added 10 grams of lactose in making the lactose 
nutrient agar. The H-ion concentration, as determined colori- 
metrically, ranged between pH 6.5 and 7.0. 

Three dilutions of 1:100, 1:1000, and 1:10,000 were prepared 
and triplicate plates were made from each. All plates were in- 
cubated at 21°C. for 5 days and then counted with the aid of a 
magnifying lens, after which they were incubated two additional 
days at 37°C. and recounted. The count recorded in each case 
was the higher of the two. In selecting the plates for counting, 
only those were chosen which had more than 20 and less than 400 
colonies (3). There were necessarily a few exceptions to this 
rule which were noted in the original tables. 

Although these comparative studies were made prior to the 
adoption of the first Standard Methods of Milk Analysis, it is 
clearly evident that the technique employed was certain to give 
to the plate method all of the possible advantages commonly 
recognized up to the year 1927. It is safe to venture the predic- 
tion that had the Present Standard Methods been followed ex- 
plicitly the plate counts would not have compared as favorably 
as they did (4). 

The microscopic counts were made according to the procedure 
described by Breed and Brew (5). The microscope was adjusted 
to give a multiplying factor of 300,000 for the computing of the 
number of bacteria per cubic centimeter. To obtain as great a 
uniformity as possible the following rules were observed: 

1. Where there were few bacteria in number, 100 microscopic 
fields were counted; when fairly numerous, 30 fields were counted; 
and if very numerous, 10 or even in some cases only 5 fields were 
counted. An ocular micrometer was used to aid in counting the 
most thickly seeded fields. 

2. Separate microscopic counts were made of the individual 
cells per cubic centimeter and of the groups of cells per cubic 
centimeter. Whenever a group was too large or too dense to 
make an accurate count of the individuals possible, an estimate 
was made. 

The comparative counts as originally published were arranged 
in sequence in the order of the count of the individual cells per 
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cubic centimeter. Theoretically the plate count might be ex- 
pected to fall between the number of groups and the number of 
cells per cubic centimeter. However, it was found that 27 per 
cent of the plate counts were actually greater than the corre- 
sponding individual counts by the microscopic method and 19 
per cent were less than the group count. Therefore 54 per cent 
of the plate counts fell between the group and the individual 
cell count. Further than to classify the data into these three 
groups, no attempt was made at the time to make a statistical 
analysis in order to ascertain the true mathematical relationships 
between the two methods as applied simultaneously to miscella- 
neous samples of market milk. 

The writer recently had an opportunity to again review the 
data and made such an analysis, in codperation with the Depart- 
ment of Hygiene at the University of California, and reports 
herein the statistical results. It is unnecessary to repeat the 
long list of original counts. Any one who is interested in the 
details is referred to the original data published in Bulletin 439 
of the New York Agricultural Experiment Station, Geneva, 
N. Y. (2). 

Comparative mathematical studies were made of the 491 
counts obtained on plain agar, and of the 152 counts obtained on 
lactose agar. It was necessary to eliminate the first 52 counts 
from the former and the first 11 from the latter, leaving 439 and 
141 comparative counts respectively, because of the fact that the 
number as obtained by the microscopic method on these particu- 
lar samples was reported as “‘less than 3000 per cubic centimeter.” 
This simply means that no bacteria were seen in the 100 micro- 
scopic fields counted. 


STATISTICAL ANALYSIS OF 429 SAMPLES OF MILK 


A comparison of the means of the counts by the different 
methods shows that the plate counts made on plain agar average 
higher than the group counts (table 1). This may naturally be 
expected to occur, in general because of the breaking up of colo- 
nies in plating. Samples of milk containing organisms which are 
not adapted to growth in nutrient media, however, may be ex- 
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pected to yield plate counts lower than that indicated by the 
microscopic group count. This seems to occur most frequently 
in those cases where the bacteria are few in number. 

The count of individual bacteria by the microscopic method 
averaged 1,278,000 per cubic centimeter. This, as would be 
naturally expected, is considerably higher than the microscopic 
group count of 260,000 and plain agar count of 284,000 colonies 


TABLE 1 


Means and variables of the comparative counts of bacteria in 439 samples of 
milk (-000 omitted)* 


COEFFICIENT 

METHOD OF COUNTING DEVIATION 
1. Individual microscopic count............ 1,278 +207 | 6,419 +146 | 502 + 82 
2. Group microscopic count................ 260 + 54/ 1,667 + 38 | 640 +133 
3. Plain agar plate count.................. 284 + 37/ 1,150 + 26) 405 + 54 


* The following formulae were used in making the computations: 


2 
Mean, M = the deviction, « (MX)?. 
Coefficient of variability, C = z= 100. 


The probable error of the mean = + 0.6745 WE the probable error of the stand- 


0.6745 
ard deviation = + 0.6745 Sane of the coefficient of variability = + VN 


2 
[1 + 2 (<) } M = mean, N = number of cases, =X = summation of 
cases, and (MX)? = Mean of X?. 


per cubic centimeter. Since bacteria counts are known to be 
highly variable it is essential to consider the probable errors! 
of the respective means which are given in table 1. 

Because of the breaking up of the colonies into smaller com- 
ponents during the process of plating, the count obtained by the 
agar plate method is usually larger than that of the microscopic 


1 The probable error of the difference between two means is based on the 
formula 


P.E. of D = V(P.B.)*? + (P.E.2)? — (P.B.) (P.B.2) 
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group count. However, the probable errors of both as applied 
to miscellaneous samples of raw milk are so large that it cannot 
be stated that there is a significant difference between counts of 
the “groups” under the microscope and of the colonies on the 
agar plates. There is a significant difference, as would be ex- 
pected, however, between these two types of counts and the 
count of individual bacteria in the same sample of milk. 

The standard deviations measure the variability of the three 
types of counts. The coefficient of variability is an index and 
makes possible comparisons with the coefficients of variability 
of other phenomena. Warren (6) has shown that the coefficient 
of variation for the height of men is 3.8; the value of milk pro- 
duced per cow, 25.9; feed purchased per cow, 77.7; and profits in 
farming 456.4. 

The coefficient of variation of the counts of groups of bacteria 
in table 1 by the microscopic method was highest, C. V. = 
640.0 + 133.0. The count of individual bacteria was next 
highest, C. V. = 502.0 + 82.0, and the plate count lowest, C. V. 
= 405.0 + 54.0. The coefficient of variation of the bacteria 
counts in miscellaneous raw milk samples under ordinary control, 
as given in table 1, is about the same or higher than that for 
profits in farming. Variability in bacteria counts and in farm 
profits is high as compared to the variability in biological meas- 
urements. The fact that bacteria counts are highly variable, 
however, cannot be justly used as an argument against the accu- 
racy of the methods. Extremely low variability in the field of 
bacteriology is rare and suggests the difficulties encountered in 
any numerical studies and further emphasizes the importance of 
careful statistical analysis. 

When the probable errors of the coefficients of variation of the 
three types of bacteria count are compared it cannot be said 
that there is a significant difference in the three coefficients of 
variation. In other words, according to this particular analysis 
there is no significant difference in the variability of the counts 
made by either method as applied to miscellaneous samples of 
raw market milk. 

The highest coefficient of correlation exists between the indi- 
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vidual (X,) and group counts (X,) by the microscopic method, 
ri,2 = 0.923 + 0.004 (table 2). The lowest correlation is found 
between the microscopic group (X:) and plate counts (X3), 
T2,3 = 0.678 + 0.017. 

The probable errors of the coefficients of correlation are small 
which indicate that there is a significant difference between 
each of the three correlations (table 2). The individual and 
group counts by the microscopic method made on 439 samples 
of milk are more highly correlated than are the individual micro- 


TABLE 2 
Coefficient of correlation between the individual microscopic and group counts and 
plain agar counts on 439 samples of milk* 
Note: 1 = microscopic count of individual cells; 2 = microscopic group count; 
3 = agar plate count. 


CORRELATION BETWEEN conns- 
Individual and group counts, 11,2...............2.eeeeeeeeees 0.923 +0.004 
Individual and plate counts, 11,...............ssccesesesees 0.826 +0.010 
Group and plate counts, £o,3............0.cesscccccccscccees 0.678 +0.017 


MX, — MX.MX; 
as 


* The coefficient of correlation, .r:,. = 


(1 — r*) 


The probable error of the coefficient of correlation = +0.6745 V 


scopic and plate counts, which in turn are more highly correlated 
than the group microscopic and plate counts. These lower corre- 
lations are undoubtedly due to the variability introduced in the 
microscopic group count by the difficulty in determining what 
constitutes a separate group and in the agar plate count by the 
failure of certain organisms to grow or by variations in the extent 
to which colonies of bacteria break up during plating. 


STATISTICAL ANALYSIS OF 430 SAMPLES OF MILK 


In studying over the original data to ascertain the possible 
causes for such extremely high coefficients of variation in the 439 
samples reported in table 1 it was noticed that nine samples of 
milk contained very large numbers of bacteria. Some of the 
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plates contained over 1000 colonies and there were so many 
bacteria in each microscopic field that it was necessary to limit 
the size and number of fields counted. An ocular micrometer 
was used and only 10 microscopic fields were counted on each 
smear of each of these nine samples of milk. Unquestionably 
such conditions make it impossible to judge either method fairly. 
Consequently, a mathematical analysis was made with these nine 
samples eliminated, leaving 430 comparative counts. The re- 
sults are shown in table 3. 

The average number of individual bacteria in the 430 samples 
by the direct microscopic method was 467,000, as contrasted to 
1,278,000 in the 439 samples (table 1). This clearly indicates 


TABLE 3 


Means and variabilities of the comparative counts of bacteria in 430 samples 
of milk (-000 omitted) 


METHOD OF COUNTING vans 
1. Individual microscopic count..........| 467 +38 | 1,162 +27 | 244 +20 
2. Group microscopic count.............. 75 +10 303 + 7| 402 +54 
3. Plain agar plate count................ 138 +11 347 + 8| 251 +21 


the important réle played by a few samples of milk extremely 
high in bacterial content: 

The average group count under the microscope was 75,000 in 
the 430 samples as compared to 260,000 in the 439 samples, while 
the average plain agar plate count was 138,000 as compared to 
284,000. The same relative relationship holds for the three types 
of counts for the 430 samples (table 3), as for the 439 (table 1). 
Apparently students should consider the advisability of elimina- 
ting a few excessively high counts, when the number of samples 
analyzed is large. Few conclusions should ever be drawn from a 
small number of cases of any phenomena as highly variable as 
bacteria counts. 

The coefficient of variation (table 3) of the individual micro- 
scopic counts of 430 samples, C. V. = 244.0 + 20.0 is approxi- 
mately one-half that for the 439 samples, C. V. = 502.0 + 82.0 
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(table 1). Therefore, the elimination of these nine samples re- 
duced the variability about one-half. As previously stated, 
there was no significant difference in the coefficients of variation 
of the three types of counts for the 439 samples. But when the 
nine extremely high counts were disregarded the coefficient of 
variation of the plain agar plate count is significantly less than 
that of the microscopic group count. 

The higher variability of the group count is doubtless to be 
explained by the personal equation. What constitutes a group 
under the microscope is arbitrarily determined. In many samples 
of milk this presents no serious difficulty. Samples are rather 
frequently found, however, in which the predominant flora tend 
to grow in such loosely arranged masses that it is impossible to 


TABLE 4 


Coefficient of correlation between the individual microscopic and group counts and 
the plain agar counts on 480 samples of milk* 


COEFFICIENT OF CORRE- 


CORRELATION BETWEEN LATION 


Individual microscopic and group counts, r,2............... 0.639 +0.019 
Individual microscopic and plate counts, ri,3................ 0.583 +0.021 
Microscopic group and plate counts, r2,3..................66- 0.378 +0.028 


* See notes under table 2. 


decide whether or not one is confronted with a large group of 
organisms or with several smaller groups lying close together. 

The lower variability in the plate counts, resulting from the 
elimination of the nine extremely high counts, undoubtedly 
illustrates the high variability introduced by the crowding of 
colonies on the agar plates. Where only one plate is prepared 
the count is apt to be misleading. 

Bacteriologists ordinarily consider microscopic counts of indi- 
vidual bacterial cells more variable than plate counts. However, 
this study indicates that there is no significant difference in 
variability as applied to miscellaneous samples of raw milk. 

The coefficients of correlation between the three types of 
counts for the 430 samples are consistently less than for the 439 
samples (table 4). The correlation, for example, between the 
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individual and group counts 7:2. = 0.639 + 0.019 (table 4) is 
less than for the 439 samples, r;,. = 0.923 + 0.004 (table 2). 

It is evident that the nine extremely high counts increased 
the correlation in the 439 samples. Judging from the correla- 
tions for the 439 samples bacteriologists might erroneously con- 
clude that a high relationship between the three types of counts 
would normally be expected (table 2). However, the data for 
the 430 samples indicate that this relationship may not be so 
high (table 4). It would not be surprising to find that this rela- 
tionship, as shown by different series of comparative counts, 
might be highly variable. For instance, in extremely low count 
milks it is likely that still poorer correlations will be obtained. 
The correlation between the individual microscopic and group 


TABLE 5 


Means and variables of the comparative counts of bacteria in 141 samples 
of milk (-000 omitted) 


COEFFICIENT 

METHOD OF COUNTING DEVIATION 

1. Individual microscopic count... ........ 1,506 +154 | 2,712 +109 | 180 +20 
2. Group microscopic count................ 243 + 36) 633+ 25) 261 +40 
3. Lactose agar plate count................ 512 + 23) 1,283 + 52] 250 +37 


counts is significantly higher than the correlation between the 
individual microscopic and plate counts. In other words if a 
low individual count is obtained by the microscopic method it is 
quite likely that the microscopic group count would be lower 
than the agar plate count. 

Statistical analysis of counts were made on 141 samples of milk 
plated on lactose agar to determine the possible effect of the 
addition of the lactose. 

With reference to the magnitude of the comparative means 
the same general relationship holds. The probable error of each 
is relatively so small that a significant difference exists between 
the three types of counts. Referring to the means of table 1 
and 3 which contain plain agar plate counts it will be seen that 
no significant difference can be claimed to exist between the mi- 
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croscopic group and plain agar plate counts. However, a signifi- 
cant difference does exist between the means of these two types of 
counts in the 141 samples plated on lactose agar. It would 
appear from this that the addition of lactose tends to enhance 
the plate counts. 

The coefficient of variability (table 5) of the individual micro- 
scopic counts of the 141 samples of milk, C. V. = 180.0 + 20.0, 
is somewhat less than the variability of either the microscopic 
group or lactose agar plate counts. The probable errors, how- 
ever, indicate that a difference does exist but it can scarcely be 
said to be significant. No significant difference exists in the 
variability of the microscopic group and lactose agar plate counts, 
C. V. = 261.0 + 40.0 and 250.0 + 37.0 respectively. 


TABLE 6 
Coefficients of correlation between the individual microscopic and group counts and 
the lactose agar plate counts on 141 samples of milk 


COEFFICIENT OF CORRE- 


CORRELATION BETWEEN LATION 


Individual microscopic and group count..................... 0.849 +0.015 
Individual microscopic and plate count...................... 0.823 +0.018 
Microscopic group and plate count....................eee08- 0.754 +0.024 


A larger number of samples should be studied comparatively 
to better determine the true relationship that exists between 
counts made by the two methods. 

The correlations in table 6 are high and are quite similar to 
those presented for the 439 counts in table 2. Here again can be 
seen the influence of a few extremely high counts, there being 
but three. It was thought unnecessary to ascertain what the 
effect would be by the elimination of these as was previously 
done and reported in table 3. 

The influence of variability in count upon correlation is better 
shown if the coefficients of correlations previously discussed 
(tables 2, 4, and 6) are incorporated in one table (table 7). The 
first column shows the correlation that exists between the individ- 
ual microscopic count (X,) and the microscopic group count 
(X:2), the individual microscopic count (X,) and the plain agar 
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plate count (X;), and between the microscopic group count (X:) 
and the plain agar plate count (X;), as applied to 439 samples of 
raw market milk. The second column shows the correlations 
when nine of these 439 counts were eliminated because of the 
fact that the microscopic fields and the agar plates contained too 
many organisms to enable just comparisons. The third column 
shows the correlations that exist when lactose sugar is added to 
the media. 

In comparing the correlations in columns I and II it is clear 
that the degree of variability plays an important réle in deter- 


TABLE 7 
Coefficients of correlation between the counts of individual bacterial cells and of 
groups of cells by the microscopic method and of colonies by the agar plate method, 
showing the influence of high variability and of the addition of lactose to the 
medium 


439 COUNTS, PLAIN| 430 COUNTS, PLAIN} 141 coUNTS, LAc- 


AGAR, aaak,* IIT TOSE aGak, III 


1. Individual microscopic and 
0.923 +0.004 | 0.639 +0.019 | 0.849 +0.015 
2. Individual microscopic and 
3. Microscopic group and plate 
0.678 +0.017 | 0.378 +0.028 | 0.754 +0.024 


.| 0.826 +0.010 | 0.583 +0.021 | 0.823 40.018 


* The 430 counts represent the same samples listed in column I except for nine 
excessively high counts eliminated because of overcrowded microscopic fields and 
agar plates. 


mining the correlation. Evidently the higher the variability in 
the numerical bacterial quality of a given raw milk supply the 
better the correlations obtained between the counts obtained by 
the direct microscopic and agar plate methods. The elimination 
of nine counts (column II), representing crowded microscopic 
fields and agar plates, resulted in a marked decrease in the 
correlation. It is likely that where the bacterial content of a 
raw milk supply is uniformly low the correlation between the 
two methods may even be lower than that indicated in column 
II. This emphasizes the danger of falling into error in drawing 
conclusions regarding the existing correlation when only a few 
samples are involved. 
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It is evident from these results that the addition of lactose to 
the medium used in making agar plate counts (column II) would 
increase the accuracy of this method. 


COMPARISON OF THE MEDIAN AND AVERAGES AS MEASURES OF THE 
CENTRAL TENDENCY OF BACTERIAL COUNTS 


The median of a series of variables arranged in sequence is the 
middle number. It is not influenced by a few excessively high 
or low values. The arithmetic mean, however, which is the 
universally used measure of a central tendency may be greatly 
affected. As each observation is given a weight in proportion 


TABLE 8 
Comparison of the median and the mean or average number of bacteria in milk 


METHOD OF COUNTING MEDIAN AVERAGE 

439 samples of milk 

Individual microscopic count...................++++ 102,000 1,278,000 

18,000 260 ,000 

430 samples of milk 

Individual microscopic 99,000 467 ,000 

Group microscopic count....................2e+e00: 15,000 75,000 

38,000 138,000 

Individual microscopic 310,000 1,506,000 

Group microscopic 42,000 243 ,000 

Lactose agar plate count ..............cecsssseseces 111,000 512,000 


to its magnitude, one very high value may more than counter- 
balance a larger number of the more characteristic observations. 
These facts are illustrated in table 8. 

The median of the individual microscopic count for the 439 
samples is 102,000 while the average is 1,278,000 or 10 times 
more. The elimination of the nine excessively high counts re- 
duced the median and the average to 99,000 and 467,000 respec- 
tively. The median for the 141 samples is 310,000 as contrasted 
to 1,506,000 the arithmetic mean, a difference of 5 times. The 
same general relationship holds for both the group and plate 
counts. 
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The arithmetic mean is not always a satisfactory measure of 
the central tendency of bacteria counts. In many cases the 
median is a better measure. It is possible to have all counts on 
49 samples of milk less than 20,000 while one sample may be 
several million. In judging the true bacterial condition of such 
a supply it is clear that this one high count may easily lead to 
erroneous conclusions when based upon arithmetical averages. 


SUMMARY 


The results of this statistical analysis of counts made by the 
direct microscopic and agar plate methods show a high degree 
of variability in both methods, as applied comparatively to 
rating raw market milk supplies. In other words, there is such 
a relatively large experimental error in both methods that sani- 
tarians interested in the bacteriological control of milk supplies 
must avoid the danger of making too fine distinctions in estab- 
lishing the maximum numerical limits for the various, so-called, 
grades of milk. Variations of 200 to 300 per cent have been 
frequently reported in counts made in well controlled laboratories. 
While it is true that some technicians, under exceptionally well 
controlled conditions, have been able to obtain smaller percent- 
age variations, it should not be forgotten that we must be gov- 
erned by limitations arising through practical application where 
many samples of milk are daily prepared for counting by techni- 
cians who do not have time to exercise that extreme care which is 
possible only in research laboratories where there always exists 
ample time in which to plate the half dozen or so samples. 

The direct microscopic count of individual cells per cubic 
centimeter varied from 4.8 to 6.2 times greater than the count of 
the groups of bacteria under the microscope, and from 3 to 4.5 
times greater than the agar plate colony count. The plate count 
on either plain or lactose agar was greater than the corresponding 
microscopic group counts. This relationship is to be expected 
in most samples due to the breaking up of the groups into smaller 
components during the process of plating the milk. 

The individual cell count averaged 4.5 times greater than the 
plain agar plate count but where lactose was added this difference 
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was reduced to 3 times. There was likewise a reduction in the 
variability as well as a noticeable increase in the correlation. 
Undoubtedly the addition of lactose to the medium would ma- 
terially increase the accuracy of the plating method. 

Although the microscopic group count was more variable than 
either the count of individual cells by the microscopic method or 
the agar plate count, yet the probable error of the coefficients of 
variability showed little or no significant difference. 

There was a better correlation between the counts of the in- 
dividual bacterial cells and groups of cells per cubic centimeter 
by the direct microscopic method than between the individual 
cell count and the agar plate count. 

The poorest correlation obtained was that between the micro- 
scopic group counts and the agar plate counts. This is un- 
doubtedly largely due to the variations introduced in the former 
count by the arbitrary manner in which separate groups are 
determined and by the counting of dead organisms and in the 
latter by variations in the adaptability of different organisms to 
growth in cultural media, and also by variations in the breaking 
up of colonies during plating. 

A few excessively high counts may have a marked effect upon 
the degree of correlation. For example, the elimination from 439 
counts in all, of nine which were excessively high and which 
represented over-crowded microscopic fields and agar plates, 
resulted in a markedly lower correlation throughout (see table 
7). It is conceivable that with raw milk uniformly low in bac- 
terial content that there might be very little if any correlation 
between the two methods. Although, while showing more or 
less lack of correlation as applied to individual samples of milk, 
yet a close agreement may, in general, be expected in the results 
obtained by the two methods in rating the whole supply. 

Arithmetic averages of bacteria counts are apt to be misleading 
as a measure of the central tendency. One high count among 
several that were uniformly low would give an erroneous idea of 
the numerical bacterial quality of a given milk supply. The 
median, which is the middle number of a series of counts arranged 
in sequence, is a much fairer measure. 
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One method gives as reliable a picture of the bacterial condi- 
tion of any given raw milk supply as does the other. There is 
no reason for believing that one method is significantly more 
accurate than the other; nor that one lends itself more advantage- 
ously to the dividing of a raw milk supply into classes than the 
other. The plating method, however, is more applicable to the 
counting of bacteria in milk where there are only a few thousand 
present per cubic centimeter. 

Irrespective of the wide variations and possible sources of error 
that may be pointed out, both methods, if properly administered, 
are sufficiently accurate to insure a marked reduction in the 
amount of carelessly handled milk, without inflicting an undue 
hardship upon anyone. 
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THE USE OF DEHYDRATED EGG PRODUCTS IN THE 
MANUFACTURE OF ICE CREAM* 


WILLIAM S. MUELLER! anp FORREST C. BUTTON 
New Jersey Agricultural Experiment Station 


There is little published data on the use of dried egg yolk in ice 
cream and, to our knowledge, no data have been reported in the 
literature on the use of dried egg albumin and dried whole egg in 
ice cream. The greatest value of dried egg yolks in ice cream 
seems to lie in their ability to reduce the time required to obtain 
the desired overrun. Depew and Dyer (1), Sommer (2), Dahle 
and Caulfield (3), and Turnbow and Raffetto (4) agree that dried 
egg yolk increases the whipping ability of mixes. The use of dried 
egg yolk in ice cream was investigated by Tracy (5). He added 
the yolk before and after homogenizing the mix. Since the vis- 
cosity was sometimes decreased and other times increased, no 
definite conclusions as to the effect of the powdered egg yolk upon 
viscosity of the mix could be drawn. Tracy found that dried 
egg yolk was detrimental to overrun when added t> the mix after 
homogenization, but favorable results were obtained when the 
yolk was added to the mix before homogenization. He also 
found that the addition of the dried yolks produced a smoother 
texture and greater resistance, but the flavor was objectionable 
to many. Mojonnier and Troy (6) state that dried egg yolk has 
a tendency to increase the melting resistance of ice cream. 
Dahle and Caulfield (3) consider egg yolk as an emulsifying agent 
rather than a stabilizer. They conclude that dried egg yolk is 
superior as an emulsifying agent to milk solids-not-fat. 


* Received for publication December 20, 1928. Journal Series paper of the New 
Jersey Agricultural Experiment Station, Department of Dairy Husbandry. 

1 The data are taken from a thesis presented by William S. Mueller in partial 
fulfillment of the requirements for the degree of Master of Science, Rutgers Uni- 
versity, New Brunswick, New Jersey. 
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GENERAL PLAN OF EXPERIMENT 


The general plan of this investigation was to use each of the 
dehydrated egg products; namely, yolk, albumin, and whole egg, 
in an ice cream mix and to determine its relative effect upon each 
of the following: basic and apparent viscosities of the ice cream 
mix ; overrun; texture; flavor, and melting resistance. The amount 
of each egg product that was added remained constant throughout 
the experiment, but the composition of the mixes was varied. 
The egg products were added to high and low solids mixes. 


TABLE 1 
Percentage composition of the mizes 


MIXES Fat SUGAR 


EXPERIMENTAL METHODS 
Preparation of the mixes 

One per cent of each egg product was added to high total solids 
mixes and to low total solids mixes. Forty pound mixes were 
used. The composition of the mixes is given in table 1. The 
percentage of milk solids-not-fat was increased in the check mixes 
in order to have the total solids content equal to that in the egg 
product mixes. Four batches were always run at one time, and 
were designated as follows: Mix No. 1, check; mix No. 2, albumin; 
mix No. 3, yolk; mix No, 4, whole egg. Forty per cent cream, 
30 per cent condensed skim milk, and whole milk were the dairy 
ingredients used. These dairy products were mixed in the pas- 
teurizer. 

The best obtainable grades of flaked whole egg, flaked albumin, 
and yolk manufactured by the spray process were employed. 
The flaked albumin and whole egg were ground fine inamill. As 
the dehydrated yolk was purchased in the powder form no 


JOURNAL OF DAIRY SCIENCE, VOL. XII, NO. 4 


| | 
—_—— EGG | TOTAL 
GELATIN | ppopuct | SOLIDS 
High total solids................| 12 ll 15 0.3 1 39.3 
12 12 15 0.3 39.3 
8 9 14 0.3 1 32.3 
8 10 14 0.3 32.3 
‘ 


322 WILLIAM S. MUELLER AND FORREST C. BUTTON 


further treatment was necessary for its use. The egg products 
were added in powder form so as to obtain the greatest possible 
solubility. The gelatin and egg products were mixed with the 
sugar and slowly added, at the pasteurizer, to the dairy ingre- 
dients when the latter had reached a temperature of 90°F. All 
mixes were pasteurized at 145°F. for thirty minutes and viscolized 
at this temperature at 2500 pounds pressure. After viscolization 
the mixes were immediately cooled to 40°F., and then aged for 
twenty-four hours in the cold room at 36°F. 


Determination of the viscosity 


The determination of the apparent and basic viscosities was 
made with a New Model Stormer Viscosimeter. All viscosity 
readings were made at 20°C. A 150-gram weight was used and 
the time required for the cylinder to make 100 revolutions was 
recorded in tenths of seconds. The formula V = 4.6 ¢ — 25, 
where ¢ is the time for 100 revolutions, was used in converting 
seconds to centipoises. Viscosity determinations are reported 
in centipoises, in order to make all of the results directly com- 
parable and independent of the instrument employed. Viscosity 
determinations were made on samples before aging, and after 
aging twenty-four and forty-eight hours at 36°F. The first 
reading of each unagitated sample wag recorded as the apparent 
viscosity. Four readings were made on each agitated sample and 
the average of these recorded as basic viscosity. The apparent 
viscosity was removed from samples for basic viscosity deter- 
minations by agitating them for about one-half hour in vacuo, 
in a side necked filter flask. The agitation was produced by 
securely fastening the flasks in a small, electrically driven churn. 


Method of freezing 


After twenty-four hours aging the mixes were frozen in a motor 
driven horizontal brine freezer. The temperature of the mix was 
37°F. at the time it was placed in the freezer. The average brine 
temperature was —7°F. In order to secure consistent freezing 
results, the brine was always shut off when the mix had reached 
the desired consistency in the freezer. The object during freezing 
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was not to draw the cream after it had reached the right consist- 


ency for drawing, but after it was certain the maximum overrun 
had been obtained. 


Method of determining the overrun 


Overrun determinations were made with a Mojonnier overrun 
tester. Readings were made every minute during the freezing 
process, except toward the latter part of the freezing time when 
overrun readings every half minute were sometimes necessary. 


Securing the samples 


Four samples were taken from each batch in pint cartons. 
These were used in determining the quality of the finished pro- 
duct. All samples, with a few exceptions, were drawn at 80 per 
cent overrun. 


Judging the ice cream 


The samples were removed from the hardening room from time 
to time and placed in an electrically refrigerated cabinet. After 
reaching a good dipping temperature the samples were judged for 
texture and flavor. No score card was used, but conclusions 
were drawn from the summarized comments of the judges. 


Method of determining melting resistance 


The difference in the ability of the samples to withstand the 
influence of heat was determined by subjecting all samples to the 
same heat conditions, noting the appearance of the sample and 
the rate of melting during the melting process. All samples for 
this determination contained 80 per cent overrun, and were drawn 
from the freezer into pint paper cartons. Samples were subjected 
to a room temperature of about 73°F. Pictures were taken im- 
mediately after placing the samples upon the wire gauze and at 
the end of one and one-half and three hours. 
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EXPERIMENTAL RESULTS 


Effect of dehydrated egg products on the apparent and basic viscosity 
of the ice cream mix 


Basic viscosity readings were made to determine whether there 
was any relation between basic viscosity and whipping ability of 
the mixes. Apparent viscosity determinations were made mainly 
for comparison with the basic viscosity. 


TABLE 2 
Average viscosity for high solids mizes 
AGED 24 HOURS AGED 48 HOURS 
UNAGED 
A A 
ent | Basic | | Basic 
Cp. Cp Cp. Cp. Cp. 
18.35 | 60.68 | 28.40 | 55.30 | 29.18 
20.17 | 90.09 | 38.29 | 70.45 | 37.65 
19.48 | 96.07 | 35.12 | 79.19 | 34.43 
I  ctcinintiamieenenerececonnn’ 19.94 | 81.58 | 34.16 | 70.54 | 33.74 
TABLE 3 


INCREASE OF EGG | INCREASE OF EGG 

MIX OVER CONTROL | MIX OVER CONTROL 

INCREASE OF AFTER 24 HOURS AFTER 48 HOURS 

MIX EGG MIX OVER AGING AGING 
CONTROL MIX 

IN UNAGED MIX’ 


eck Rrra 10.03 | 47.97 | 34.82 | 26.93 | 28.71 
SSSR 6.27 | 57.80 | 23.66 | 42.68 | 17.99 
RRR. 8.78 | 34.00 | 20.24 | 27.09 | 15.62 


The average apparent and basic viscosity readings of four series 
of high total solids mixes are given in centipoises in table 2. 

The data in table 2 show that all of the egg products increased 
the apparent and basic viscosity before aging and after aging 
twenty-four and forty-eight hours. 

Table 3 gives the percentage increase in viscosity of egg mixes 
over the control mix, in unaged and in twenty-four- and forty- 
eight- hour aged mixes. The figures show the percentage increase 
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in centipoises. It will be noted that the egg products mixes differ 
in both apparent and basic viscosity. The viscosity differences 
and the increase in viscosity of the egg mixes over the control mix, 
were probably due to concentration differences. As would be 
expected there is very little difference in the viscosities of the 
unaged mixes. Table 3 also shows that the egg products give the 
greatest increase in viscosity after twenty-four hours aging. At 
that time the whole egg mix had the lowest apparent and basic 
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viscosity and the yolk mix had the greatest apparent viscosity, 
while the albumin mix had the greatest basic viscosity of all the 
egg mixes. There was no marked change in basic viscosity after 
forty-eight hours aging over the mixes which were aged twenty- 
four hours. This agrees with the observations of Leighton and 
Willams (7) that the basic viscosity of a mix shows no marked 
change after twenty-four hours aging. An increase in apparent 
viscosity after forty-eight hours aging is usually expected. How- 
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ever this was not the case in this experiment, which in all prob- 
ability was due to the small amount of gelatin used. 

The viscosity readings for the low solids series were lower than 
those for the high solids series, because of the low solids content 
of the former. 


Effect of dehydrated egg products on overrun 


The average overrun readings of two series of high total solids 
mixes are plotted in figure 1 for every minute during the freezing 
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process. Percentage overrun is represented as the ordinate and 
freezing time in minutes as the abscissa. Figure 1 shows that 
the check and albumin curves follow each other closely, as do the 
yolk and whole egg curves. It will be noted that air was incor- 
porated more readily in the yolk and whole egg mixes than in the 
albumin and check mixes. 

The effect of each of the egg products on overrun when added 
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to a low total solids mix is shown in figure 2. Overrun determina- 
tions are the average of two series. The overrun curves of figure 
2, are very similar to those on figure 1 with the exception of the 
check and albumin mixes which attained their maximum overrun 
sooner in the low total solids mixes than in the high total solids 
mixes. For comparison, the time required for each mix to attain 
100 per cent overrun, to attain its maximum overrun, and the 
maximum overrun attained, are given for both low and high solids 
mixes in table 4. 

As a large number of ice cream manufactures draw the ice cream 
at 100 per cent overrun, it is interesting to note, in table 4, the 
time required for each mix to reach that overrun. The check mix 


TABLE 4 
Amount of overrun and time required to obtain it 


TIME REQUIRED TIME REQUIRED 
MAXIMUM OVERRUN| TO REACH MAXI- | TO REACH 100 PER 


MUM OVERRUN CENT OVERRUN 
MIX 


Low High Low High Low High 
solids | solids | solids | solids | solids | solids 


per cent | per cent | minutes | minutes | minutes | minutes 


95 93 9 15 

ctbtkstcieeeeanennoerauess 133 127 15 15 8.3 7 
119 130 15 16 10.5 9 


did not reach 100 per cent overrun in the high total solids series, 
and the check and the albumin mixes did not reach 100 per cent 
overrun in the low solids series. Less time was required to reach 
100 per cent overrun when yolk and whole egg were added to high 
solids mixes, than when added to low solid mixes. There was 
no marked difference between the low and high solids series in 
the time required to reach maximum overrun and in the maxi- 
mum overrun attained. 

The overrun data on egg yolk, obtained in this experiment, 
corroborates the results of other investigators (1, 2, 3, 4) studying 
the effect of egg yolk on whipping ability in that dried egg yolk 
facilitates the incorporation of air. The fact that the albumin 
did not increase whipping ability whereas whole egg did, indicates 
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that the increase in whipping ability was due to the yolk. How 
the dried yolk increases whipping ability is not definitely known. 
The effect of egg yolks upon the whipping ability of mixes, may be 
partly due to the effect the yolk has on the surface tension of 
the mix. Dahlberg and Hening (8) say that theoretically a low 
surface tension should be related to ease of whipping, but no 
experimental evidence has been reported to establish this relation- 
ship for cream or ice cream mixes. Turnbow (4) believes that the 
lower the surface tension, the faster the mix whips in the freezer. 
Since practically all emulsoid colloids lower the surface tension, 
it is not unlikely that the dried yolk has a similar effect, thus 
increasing the whipping ability of ice cream mixes. 

The ability of the egg yolk to make the mix whip faster in the 
freezer is also probably partly due to its emulsifying power. Ban- 
croft (9) mentions that egg yolks are a good emulsifying agent. 

What constitutents of egg yolk are responsible for the rapid 
incorporation of air is not definitely known. Turnbow (4) states 
that the salts present in eggs may have a bearing upon the whip- 
ping ability of the mix. 

According to the viscosity and overrun data secured in this 
experiment, no relationship existed between either apparent or 
basic viscosity and whipping ability of the mixes. 


Effect of dehydrated egg products upon the melting resistance and 
retention of atr of the ice cream 


As the melting resistance of ice cream is of great economic im- 
portance to the ice cream industry, the melting resistance of the 
ice cream containing the egg products when added to both low 
and high solid mixes was determined. Plates 1 and 2 inclusive 
show the results of this experiment. Plate 1, Fig. 1 shows the 
high total solids ice cream at the beginning of the experiment, 
and figures 2 and 3 show the ice cream after being subjected for 
14 and 3 hours, respectively to a room temperature of 73°F. 
Plate 2, Fig. 1 shows the low total solids ice cream at the beginning 
of the experiment, and Figures 2 and 3 show the ice cream after 
being subjected for 14 and 3 hours, respectively, to a room tem- 
perature of 73°F. 
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The pictures show rather conclusively that the use of dehy- 
drated egg products in ice cream does not affect the melting resis- 
tance to any noticeable extent. In making the melting resistance 
determinations, however, it was noted that the filtrate from the 
check and albumin samples contained very little air, while the 
filtrate from the yolk and whole egg samples contained consider- 
able foam. Thus, the height of the filtrate within the cylinders 
does not indicate the rate of melting. This difference in retention 
of air was more pronounced in the low total solids mixes than in 
the high total solids mixes. The relative size of the air cells and 
the thickness of their walls in check, albumin, yolk, and whole 
egg samples are shown by the following data: 


AIR CELL WALL 

inches inches 


The microscopic examinations showed that as the size of the air 
cell decreases, the width of the film surrounding the air cell 
increases. According to Bancroft (9) in order to get a fairly 
permanent foam the surface film must either be sufficiently vis- 
cous in itself or must be stabilized in some way. He says that this 
can be done by introducing a solid powder into the interface. It 
is not unlikely that the egg yolk powder stabilizes the surface film 
in this way, thus accounting for the ability of the yolk and whole 
egg ice cream to retain air while melting. The high overrun 
obtained in the yolk and whole egg mixes may also be partly 
due to the solid particles of yolk stabilizing the surface film 
surrounding the air cells. 


Effect of dehydrated egg products upon flavor and texture of the 
ice cream 


The relative placing of the high and low solids series is given in 
table 5. 
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The placings given are the average for eight scorings. It was 
evident that yolk and whole egg improved the texture while 
albumin was injurious to texture. This improvement in texture 
attributed to the use of egg yolk, was not due to any additional 
solids because all mixes had the same total solids content. The 
improvement in texture was more noticeable in the low solids 
mixes. 

The albumin samples left a slightly disagreeable albumin after- 
taste, whereas the whole egg samples had a characteristic egg 
flavor. The egg yolk did not seem to be detrimental to flavor, 
as it was preferred over the check sample in the high solid series. 
Since the egg flavor was more pronounced in the low solid series 


TABLE 5 
Placings of high and low solids samples 


RELATIVE RATING AS TO | RELATIVE RATING AS TO 
FLAVOR TEXTURE 
SAMPLE 

High solids} Low solids |High solids} Low solids 
3rd 3rd 2nd 2nd 


than in the high solid series, the check sample had preference over 
the yolk sample in the low solid series. 

Because of individual tastes, it is difficult to say what per- 
centage of egg products may be used in ice cream without injuring 
the palatability. Greatest preference was shown in the yolk 
samples and least for the albumin samples. The preferences for 
the whole egg and check samples were about equally divided. 
The palatability of the yolk sample was due to its smooth, creamy 
consistency, rich color, and characteristic flavor. These attri- 
butes which were contributive to the palatability of the yolk 
samples were less pronounced in the whole egg samples. The 
albumin samples did not have the smooth, creamy consistency, 
and a slight albumin aftertaste was noticed. 
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SUMMARY 


1. One per cent dried egg yolk increased the whipping proper- 
ties of the mix and thereby shortened the freezing time per 
batch. 

2. Dried egg yolk also improved the texture of the ice cream. 

3. The dried egg yolk did not contribute a stabilizing effect to 
the ice cream. 

4. One per cent dried whole egg was only slightly less effective 
than the egg yolk in increasing the whipping qualities, in shorten- 
ing freezing time and in improving texture of the ice cream. 
Like egg yolk, it did not contribute a stabilizing effect to the ice 
cream. 

5. One per cent dried egg yolk did not injure the flavor of the 
ice cream, whereas 1 per cent dried whole egg was slightly inju- 
rious to the flavor of the ice cream. 

6. One per cent dried egg albumin was detrimental to the mix. 
It possessed no stabilizing properties and was injurious to the 
texture and the flavor of the ice cream. 

7. In the yolk and whole egg ice cream, the improvement in 
texture was more noticeable in the low total solids ice cream. 

8. Less time was required to reach 100 per cent overrun when 
the dried yolk and whole egg were added to high total solids mixes, 
than when added to low total solids mixes. 

9. The flavors imparted in the ice cream by the use of the egg 
products, were more pronounced in the low total solids ice cream 
than in the high total solids ice cream. 

10. The dehydrated egg products increased the apparent vis- 
cosity while the basic viscosity was only slightly increased. 

11. In this experiment there was no relationship between ap- 
parent and basic viscosities of the mix and the ability to obtain 
overrun. 
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PLATE 1 
Ssow1ne Errect or DenypraTEp Propvucts 1n Ick CREAM ON MELTING 
RESISTANCE 


Samples from left to right are check, albumin, yolk and whole egg 


Figures 1, 2, 3 showing ice cream of high solids content after exposure to tem- 
perature of 73°F. for none, one and one-half and three hours, 


— 


a 
{ 
« 
4 


PLATE 1 


JOURNAL OF DAIRY SCIENCE 


—_——- 
ace 


334 WILLIAM S. MUELLER AND FORREST C. BUTTON 


PLATE 2 

SuowinG Errect oF DenyprRATED EaG Propucrs 1x Ice CREAM ON MELTING 
RESISTANCE 

Samples from left to right are cheek, albumin, yolk and whole egg 


Figures 1, 2, 3 showing ice cream of low solids content after exposure to tem- 
perature of 73°F. for none, one and one-half and three hours. 


gt 

a 

| 


JOURNAL OF DAIRY SCIENCE PLATE 2 


| | j 
= ——~ Wig - 
sa 


2 
a 
2 
a 
i 


A SUGGESTED SIMPLIFICATION OF THE PRESENT 
SYSTEM OF OFFICIAL TESTING WITH THE 
DAIRY BREEDS OF CATTLE* 


R. B. BECKER anp P. C. McG1ILLIARD 
Department of Dairy Husbandry, Oklahoma Agricultural Experiment Station, 
Stillwater, Oklahoma 

Nearly a half-century ago, Solomon Hoxie (1) devised a new 
scheme for the improvement of breeds of dairy cattle. Prior to 
1880, improvement of the dairy breeds was brought about in 
Europe and the adjacent islands through natural selection, by 
enforcement of laws (2) that prevented further introduction of 
foreign cattle, by application of standards of perfection (the 
score card) in the show ring, and by development of the pedigree 
registers (3) which enabled those persons in the cattle business 
to guard against the use of breeding animals from inferior an- 
cestors. Hoxie observed, during journeys abroad and through 
experience with his own cattle, that even within one breed, cows 
varied widely in their producing ability. He conceived the idea 
(4) that breed associations have a dual responsibility, namely: 
(a) to guard the purity of blood lines through maintenance of a 
pedigree register, and also (b) to promote the better classes of 
purebred dairy cows by recording their merits (milk production 
and conformation) in an advanced or ‘Main Register.’”’ The 
purpose of the Advanced Register, as he stated (5), was “. . . . 
to increase and maintain public interest in our breed . . . .; to 
inaugurate a general work of improvement in the breed . . . .; 
to collect observations upon which a science of cattle culture 
: . may be built.” A registered cow of this breed might gain 
entrance to the Main Register by completing a stipulated milk 
record and then by passing inspection under a duly appointed 
representative of the breed association. 

The American Jersey Cattle Club (6) took over the publica- 
tion of private churn records made by cows of this breed, while 
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the Guernsey (2) and Ayrshire associations fostered ‘Home 
Dairy Tests,’’ and competitions. The production records under 
all of these systems were virtually private records of which the 
public was somewhat skeptical. However, a turning point in 
the method of obtaining the records was near at hand. 

Dr. 8. M. Babcock (7) invented a method of determining the 
butterfat content of milk which was both accurate and easily 
operated, which he gave to the public in 1890. On March 14, 
1893, the Holstein-Friesian Association (8) sanctioned the use 
of the Babcock test, and in 1894 called upon the state agricul- 
tural colleges and experiment stations to supervise the produc- 
tion records. The American Guernsey Cattle Club (2) estab- 
lished an Advanced Registry in 1901 based upon yearly butterfat 
production, the official tests likewise being supervised by the 
experiment stations. These steps marked the beginning of the 
present method of official testing of cows for the Advanced 
Registry. 

The experiment stations soon felt the necessity of a uniform 
set of rules to govern the work of the test supervisors in securing 
the official butterfat tests of cows each month. To meet this 
need, a committee representing the present American Dairy 
Science Association formulated a set of rules (9) in 1914, to gov- 
ern the work of the test supervisors employed by the experiment 
stations. By observing these rules, the methods of supervising 
official tests are uniform in all the states. 

Except for minor changes, the Advanced Registry system re- 
mains virtually unchanged up to the present day. 

The idea of using production records in the dairy cattle indus- 
try has not been confined to the United States. In 1895, a cow 
testing society was organized by a group of farmers at Vejen, in 
the province of Jutland, Denmark (10), the purpose of which was 
to determine the milk and butterfat yields and feed consumption 
of all cows owned by the members. ‘This type of record associa- 
tion in which the dairymen joined together to employ a tester 
who secured the records of all cows in their herds, became known 
as a Cow Testing Association (Dairy Herd Improvement Asso- 
ciation). This type of recording society (10) was organized in 
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Newaygo County, Michigan in 1905. The cow testing associa- 
tion movement was not confined to purebred cows only, but in- 
cluded all classes and breeds of cows. The movement spread 
rapidly to nearly every state in the union, and is now an important 
agent in the dairy industry. 

The first Milk Recording Society in Scotland (11) was formed 
in 1903. As time passed other societies were formed, which 
later federated into the Scottish Milk Records Association. 
Changes were made gradually in the conduct of the work. Since 
1914, cows are divided into classes upon the basis of production 
records. The records of the best cows admit them to Class I, 
and are published in the annual report of the association. The 
medium producing cows (Class II) are considered fair commercial 
animals, but their records of production are not eligible for publi- 
cation. The lower producers, or Class III cows, are looked upon 
with discredit; the number and percentage of these in each herd 
are published annually by the association. The conduct of 
surprise check tests and direction of the milk recorders (test 
supervisors) are under the control of the central office of the 
Scottish Milk Records Association. 

A careful study of the method employed in the Scottish system 
of securing production records, discloses the fact that it in reality 
combines the functions of the Advanced Registry and Cow Test- 
ing Association. Every cow in the herd is tested. Supervision 
of the records is strict, and is impartially superintended from the 
central office of the Scottish association. Records of high cows 
(Class I) are published, since the desirable breeding animals 
usually are found among them. Emphasis is placed upon locat- 
ing the low producers (Class III) and giving such publicity to 
their presence in herds that the owners may be induced to dis- 
card them. The middle class cows (Class II) are recognized as 
having some value as milk producers. The fact that their records 
are not published induces the public to regard them as less valu- 
able breeding animals. 

The Herd Test in the United States is of recent origin (12), 
although it was discussed as early as 1920. Archibald Kirk- 
patrick of Scotland, criticized our system of testing, as shown in 
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editorial comment in “The Ayrshire Digest,” July 15, 1923. 
Since officers of the Ayrshire Breeders Association planned to 
present a definite herd test system at the 1924 annual meeting, 
they invited Professor O. E. Reed to discuss the Scottish Milk 
Record Association system, as he observed it. A Herd Test 
Committee was appointed September 17, 1924. The first Herd 
Test rules appeared in ‘“The Ayrshire Digest,’’ May, 1925. The 
new system was officially adopted on June 10, 1925, and though 
used for three years, is still in the experimental stage. All cows 
in the herd are tested and the records of the higher producing 
cows are published. The method of supervising the records is 
less strict than either that in Scotland, or in official testing in 
the United States. No inducement is offered the owner by the 
Association to dispose of the low producing cows. 

The Holstein-Friesian Association (13) added an entirely new 
and far-reaching feature to the Herd Improvement Register, 
adopted by them, embodied in the following rule: 


Omissions from Test—6.... . Also, the record of any cow in the 
herd may be omitted from the Herd Certificate, and from the Herd 
Improvement Register, provided that, before the close of the eleventh 
month of the herd test year, her Certificate of Registry has been sur- 
rendered to the Superintendent of Advanced Registry for transmission 
to the Secretary of the Holstein-Friesian Association of America for 
cancellation. 


The American Jersey Cattle Club (14) instituted a Herd Im- 
provement Register, while the American Guernsey Cattle Club 
passed the matter over for consideration another year. 


PURPOSES OF THE ADVANCED REGISTRY 


The purposes of the Advanced Registry have been given, as 
outlined by the founder—Solomon Hoxie. Briefly, the intent is 
to locate the high producing cows and the blood lines that trans- 
mit high production, and to popularize them in anticipation 
that breeding animals selected from their midst may bring im- 
provement to the breeds. 
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PURPOSES OF THE COW TESTING ASSOCIATION (D. H. I. A.) 


The purpose of the cow testing association, so far as the breed 
associations are concerned, is to locate the good cows that merit 
being placed on Advanced Registry test in later lactations. It 
also aids the dairy farmer to locate the unprofitable cows in his 
herd, whether purebred, grade, or common cows, that they may 
be culled, reducing the numbers of such cows in the breeding 
herd. Full use of the C. T. A. records enables owners to feed to 
better advantage, and aids in the business management of dairy 
herds. 


PURPOSES OF THE HERD IMPROVEMENT REGISTER 


As yet organized, the Herd Improvement Register has con- 
tributed nothing new to our system of testing, except in the one 
instance already noted. The records are not as full nor as useful 
to the breeder as are those of the C. T. A. (Dairy Herd Improve- 
ment Association), nor do they have the prestige of the Advanced 
Registry records because of less strict supervision of the records. 
It is recognized that the new system is in the experimental stage, 
and that from it may evolve a new and better system that will 
render the desired service to the dairy cattle industry in the 
future. In fact, the purpose of this paper is to give an historical 
background and criticism, upon which to build such a proposed 
improved system of official testing. The proposed system is not 
new. It is supported in every detail by experimental evidence, 
and due credit is given to the original references for those who 
care to study the problem. 


THE PROPOSED PLAN WHICH COMBINES THE ADVANCED REGISTRY 
AND HERD IMPROVEMENT REGISTER INTO A SINGLE 
SYSTEM OF SUPERVISION 


Cows shall be divided into three classes on the basis of their 
records of production during the Herd Test year, as follows: 

Class I cows and heifers shall include all those that have com- 
pleted a production record of 290.5 pounds of butterfat in 365 
consecutive days as two year olds, or of 400 pounds of butterfat 
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at five years of age (the rate of increase being 0.1 pound of butter- 
fat per day older than two years of age at date of last calving). 

Class II cows and heifers shall have produced less than the 
requirements to qualify for Class I, but more than sufficient to 
fall in Class III. 

Class III cows and heifers shall include all those that have 
produced less than 195.2 pounds of butterfat as two year olds, or 
250 pounds of butterfat at mature age of five years or over (the 
rate of increase being 0.05 pound of butterfat per day older than 
two years of age at time of last calving). 

Six bi-monthly one-day, and one surprise check tests shall 
constitute the regular number of tests for Herd Improvement 
Register purposes. Automatic retests shall be made at the 
expense of the owner. The Superintendent of Advanced Regis- 
try of the breed association, may direct additional check tests, 
which shall be made at the expense of the breed association. 

Any cow or cows may be placed on Advanced Registry test at 
the option of the owner, by applying for the necessary additional 
number of tests, the entire supervision to be fully in compliance 
with the uniform rules (15) for official testing. The Advanced 
Registry period of test shall include only one lactation, whereas 
the period for the Herd Test shall be a fiscal year. 

The owner or his agent shall keep daily milk weights of all 
cows on Advanced Registry and Herd Improvement Register 
tests, submitting monthly milk reports to the breed association of 
all cows on Advanced Registry test. Milk records of cows on 
Herd Improvement Register test shall be submitted to the Super- 
intendent of Advanced Registry, if he desires. 

All tests shall be carried out in accordance with the uniform 
rules of the American Dairy Science Association (15), including 
the use of the preliminary dry milking, except that in the Herd 
Test alone, the maximum number of milkings supervised in one 
day may be not over 40, duplicate samples need not be tested, and 
that two cows may be milked simultaneously provided that both 
are in full sight of the supervisor at all times. 

The Advanced Registry and Herd Improvement Register 
tests shall in no way overlap on the cow testing association (Dairy 
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Herd Improvement Association) except in so far as the tester in 
his spare time may be employed by the state superintendent of 
official testing in the conduct of official tests. In such case, he 
shall not conduct tests in the herd of any member of the associa- 
tion which employs him, nor upon cows in which a member has 
a financial interest, except with the full knowledge of the state 
superintendent of official testing concerning these facts. He 
shall receive pay only through the office of the state superintend- 
ent of official testing. 

All registered cows and heifers in the herd that have borne one 
or more calves, or that have aborted, shall be tested in the Herd 
Improvement Register. Animals past twelve years of age that 
have qualified for the Advanced Registry in the 305 or 365 day 
divisions, shall be tested, but their records may be omitted from 
computation of the average production of the herd, at the option 
of the owner. Cows or heifers not making a satisfactory pro- 
duction, may be omitted from the computed herd average only 
in case the owner sends their registration certificates to the Super- 
intendent of Advanced Registry prior to the completion of the 
eleventh month of the herd-test year, for transmission to the 
Secretary of the breed association for cancellation. Production 
records shall be used on ail registered cows and heifers added to, 
or removed from the herd during the course of the herd-test 
year. 

The Herd Improvement Register certificate issued by the breed 
association at the completion of the year, shall bear a statement 
of the following facts, namely 


a. Name and address of herd owner. 

b. The “average production” in pounds of milk, butterfat, percentage 
of fat, and average length of lactation of the entire herd (with such 
exceptions as previously noted) as computed by the “lactation average,” 
“Danish cow-feed-days” method, the “cow month” method (16), or 
such other uniform method as may be officially adopted by the American 
Dairy Science Association for this purpose. 

c. Total number of cows and heifers in milk in the herd during the 
year (to include actual number of complete and partial lactations). 

d. Names and records of all Class I cows and heifers. 
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e. Names of all Class II cows and heifers. 

f. Names of all Class III cows and heifers retained in the herd as 
registered animals. This is to include all those whose registration 
papers were not transmitted to the breed association for cancellation 
as previously noted. 


A SUGGESTED SYSTEM OF SELECTIVE REGISTRATION BASED ON THE 
HERD IMPROVEMENT REGISTER 


In addition to, and entirely separate from the above plan, it is 
suggested that a system of selective registration be installed, 
based upon the above system of production records. The steps 
in such a system are briefly outlined below. 

Male and female progeny from Class I registered cows and 
heifers, sired by a registered bull of that breed, are eligible to 
registry under the rules (17) of the breed association involved. 

Female progeny from Class IT registered cows and heifers are 
eligible for registry in accordance with the above provisions. 
Male progeny from Class II registered cows and heifers may be 
eligible to registration only if sired by a registered bull whose dam 
has a Herd Test or Advanced Registry record exceeding by 25 
per cent the minimum butterfat requirement for her age. 

Female progeny from Class III registered cows and heifers 
may be eligible to registry, only if sired by a bull whose dam has 
a Herd Test or Advanced Registry record exceeding by 25 per 
cent the butterfat requirement for her age. No other progeny 
of Class III registered cows and heifers are eligible to registry, 
but birth certificates showing color sketch, nose print, ear tattoo 
or other permanent identifying marks may be placed on file in 
the breed association office, permitting the dam a period of 24 
months from date of birth of the calf in which to satisfactorily 
increase her record to qualify in Class II or Class I. 

Birth certificates may be filed on all unregistered progeny of 
registered parents, the registration papers not being issued until 
such time as the owner of the dam may have qualified her in the 
Herd Improvement Register. In no case shall a period in excess 
of forty-eight months be allowed for this purpose. 
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DISCUSSION IN SUPPORT OF THE PROPOSED PLAN, AND OF THE 
SYSTEM OF SELECTIVE REGISTRATION BASED THEREON 


The accuracy of bi-monthly and one-day tests, when accom- 
panied by accurate calving, breeding and dry dates, has been 
demonstrated as sufficiently accurate for Herd Improvement 
Register purposes, by the work of McDowell (18), Copeland (19), 
Petersen (20), and unpublished studies made by H. W. Norton, 
Jr. Where no preliminary dry milking was taken, McDowell 
found an average variation of 3.8 per cent from the known actual 
production of 70 cows in the Minnesota Experiment Station 
herd, while Copeland’s study of 500 Register of Merit records 
secured under official testing conditions showed a variation of 
only 1.21 per cent in records re-computed by means of the bi- 
monthly tests. The use of the preliminary dry milking is con- 
sidered a safeguard in seeuring official records under the monthly 
test plan (21, 22, 23, 24), and is even more important in safe- 
guarding records under the bi-monthly plan of supervision with 
one-day tests. Sentiment was expressed in favor of the pre- 
liminary dry milking with any production records which receive 
the sanction of the breed association at a recent breeders’ meet- 
ing (25). The preliminary dry milking is required by the ad- 
ministration in some states (26) before the state superintendent 
of official testing is permitted to attach his signature to the re- 
ports of tests. The sentiment in European countries, where the 
preliminary dry milking is not employed, favors frequent tests 
(at 14 to 28 day intervals) safeguarded by a number of (two or 
more) surprise check tests during the year. 

Evidence in support of the suggested system of selective regis- 
tration, based upon the idea of Class I, Class II, and Class III 
registered cows and heifers, and eligibility of their offspring to 
registration, is somewhat more scattered, but is equally specific. 

In Scotland (11, 27) marked reduction in numbers of Class 
III cows and heifers, and a marked increase in those qualifying 
for Class I, under the system of the Scottish Milk Records Asso- 
ciation, is shown in table 1. 

Studies made by McDowell and Parker (28) have shown a 
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definite correlation between the production of dams and their 
daughters, and that there is a greater tendency for the offspring 
of purebred dams to be high producers than for the offspring of 
grade dams. An historical review of the Purdue University 
dairy herd by Fairchild (29) and of the Kentucky Jersey herd by 
Hooper (30) have shown both foundation cows and bulls to have 
an influence on the quality of the offspring. 

The fact that the factors governing milk production and butter- 
fat percentage are inherited independently, has been generally 
accepted. Many studies have been made relative to the trans- 
mission of butterfat percentage from parent to offspring. Cope- 
land (31) has shown that although the characteristic average fat 


TABLE 1 


Improvement among dairy cows in Scotland, under the operation of the Scottish Milk 
Records Association system of records 


PERCENTAGE OF COWS QUALIFYING 
YEAR NUMBER OF COWS 

Tn Class I In Class III 
1914 26,424 39.5 9 
1918 17,827 49 5.5 
1922 27 , 275 63 2 
1924 27 , 957 65 3 
1927 29 , 459 65.7 2.2 


percentage in milk of the Jersey breed has changed but little, 
the parents have a marked influence on the fat percentage in the 
milk of their offspring. He concluded that “improvement in 
total butterfat production can be accomplished by selecting for 
high butterfat percentage as well as selection for large milk 
yields.”” Burrington and White (32) studied two Holstein female 
families in the Connecticut station dairy herd, and found that 
although the same bulls had been used on both families, the 
characteristic fat percentage in the two families had remained 
apart through five generations of females. 

Investigations by the Danish government showed that with 
cows of equal butterfat production, those having the higher per- 
centage of fat in the milk, produced butterfat more economically. 
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As the result of this study, the Danish government determined 
to raise the butterfat percentage typical of the Red Danish breed 
of dairy cattle by paying federal grants in codéperative bull 
associations only for bulls whose dams have records showing a 
certain percentage of butterfat in the milk. Faber (33) cited the 
influence of such a policy, upon the cattle of Funen (Denmark), 
as shown in tables 2 and 3. 


TABLE 2 
Average yields of dams of bulls bought by coéperative societies 
DAMS DAMS’ DAMS SIRES’ DAMS 
YEAR 
Milk Test Butter | Milk | Test Butter | Milk | Test | Butter 
1905-1906 | 9,244 | 3.59 | 367 | 9,187] 3.53 | 365 | 9,038 | 3.67 | 372 
1911-1912 | 9,339 | 3.95 | 414 | 9,271 | 3.76) 387 | 9,381 | 3.75 | 389 
1917-1918 | 8,802 | 4.11 | 407 | 9,172] 3.92) 400 | 9,350| 4.13) 431 
TABLE 3 


Average records of all cows on Funen belonging to members of milk recording societies 


YEAR NUMBER OF COWS MILK FAT PERCENTAGE “BUTTER” 
1899-1900 5,467 6,822 3.36 225 
1902-1903 17 ,662 7,410 3.41 282 
1911-1912 30,757 7,667 3.52 301 
1915-1916 40,116 7,938 3.55 323 


Faber stated further that 


The records of milk recording societies proved that the character 
of high milk yield was hereditary and could be transmitted from a cow 
to her progeny. . . . . When a large milk yield is desired and the 
richness is not of so great importance, the object . . . . is more 
easily attained. Mr. Morkeberg believes that “the capacity to yield 
much milk and the capacity to yield rich milk are two different char- 
acters, both hereditary but inherited the one independent of the other.” 
If that is so, it should be easier to develop just one than both. 


Many other references could be cited in support of the inheri- 
tance of the characters for high milk and butterfat production. 
One further reference in support of selective registration on the 
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basis of production records, may be taken from the Island of 
Guernsey (34). For a number of years, no bull on the Island of 
Guernsey could qualify for public service unless his dam or grand- 
dam had an Advanced Registry record of 360 pounds of butterfat 
in 365 days. This standard has been increased at intervals and 
is now 450 pounds of butterfat, with possibility of being raised 
still higher. Savage (34) stated that ‘The effect of the rigid 
selection in force did not become apparent until about 1920, but 
since that time there has been a gradual progress in both milk 
and butterfat results (in table 4).” 

The Herd Improvement Register is still in the experimental 
stage in the United States. A wonderful future has been proph- 


TABLE 4 
Average Advanced Registry records on Guernsey 
YEAR MILK oe BUTTERFAT 
1920 8,956 5.17 463 
1921 9, 144 5.35 488 
1922 9,052 5.35 484 
1923 9, 262 5.43 503 
1924 9,741 5.44 529 
1925 10,037 5.41 542 


esied (35, 36) for it. In the mean time, it is in the interest of 
this new form of herd test that it be so conducted as to merit 
public confidence and accomplish the purposes for which it is 
intended. A definite incentive must be offered to induce breeders 
to cull poor purebreds, and thus rid the herd registers of undesir- 
able blood-lines rather than to continue passing them on to 
lower-class herds as registered animals, there to multiply their 
kind. 

The Advanced Registry must not be overlooked as an instru- 
ment of improvement in the dairy cattle industry. All of the 
European breed associations that have made definite progress, 
have accomplished it through two avenues, namely: (a) by 
reducing the numbers of cull purebreds from the dairy popula- 
tion, and (6) by locating and popularizing the highest class of 
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purebreds, that these will be used to bring improvement among 
Class II registered cows, and to maintain the high standards 
among registered cows in Class I. 
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THE MOLD AND YEAST COUNT AS AN INDEX OF THE 
KEEPING QUALITY OF BUTTER* 


H. MACY anp H. B. RICHIE 
Dairy Bacteriology Laboratory, University of Minnesota, St. Paul, Minnesota 


When the mold and yeast count of butter was introduced in 
Canada and this country a few years ago there was a hope ex- 
pressed that such an analysis might prove a valuable aid in 
foretelling the keeping quality of butter in storage. A number 
of people have held the opinion that it should serve as an index 
of keeping quality as well as a criterion of pasteurization effi- 
ciency and sanitation in the creamery. No extensive data have 
been offered to prove or disprove this contention. The Dairy 
Division at the University of Minnesota has availed itself of an 
opportunity to study this problem. At the time of the 1927 
contest of the National Creamery Buttermakers’ Association, 
the butters to be placed in storage were scored at the University 
and likewise when they were withdrawn. This provided for 
analysis nearly 300 samples of butter from many different locali- 
ties and which were manufactured with great care and stored 
under commercial cold storage conditions. It has also been 
possible for us to obtain representative samples of print butter 
from a number of Minnesota and Wisconsin creameries. The 
deterioration of print butter has not been followed closely, es- 
pecially when stored under temperatures often prevailing in 
refrigerator cars, market warehouses and refrigerators in retail 
establishments or homes. Consequently, there was an oppor- 
tunity to correlate yeast and mold counts with the deterioration 
of such butter kept at temperatures much higher than those 
which prevail in cold storage warehouses and for shorter periods 
of time. 


* Published with the approval of the Director as paper 824, Journal series of the 
Minnesota Experiment Station. Received for publication December 31, 1928. 
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REVIEW OF LITERATURE 


During the past ten years a number of papers have appeared 
in dairy literature concerning the mold and yeast counts of 
butter. Lund (8, 9, 10, 11, 12, 18, 14, 15, 16) has contributed 
widely in this respect and offers data for a large number of 
samples with especial emphasis upon the importance of these 
counts in determining the efficiency of pasteurization and plant 
sanitation. These articles have been accompanied by those of 
Bouska and Brown (3), North and Reddish (18), Redfield (20), 
Stiritz (22), Gregory (4), Parfitt (19), Shutt (21), Hood and 
White (5, 6), Johns (7), and Macy (17). All of these authors 
have clearly expressed the opinion that the mold and yeast 
count of butter is a useful index of the efficiency of creamery 
operations, especially of pasteurization and sanitation. 

Parfitt (19) reports that he did not find any apparent relation- 
ship between the mold count and the score of butter but did note 
that the butters with lower scores showed higher yeast counts. 
The samples which he studied, however, were poorer grades of 
butter. Redfield (20) states that in general the lower grades of 
butter which he studied showed high mold and yeast counts. 
Gregory (4) found that 66.7 per cent of the mold counts and 23.9 
per cent of the yeast counts of 94 scoring butter entered in the 
1926 contest at the National Dairy Exposition were below 50 
per cubic centimeter. 

In 1913 Bouska and Brown (3) considered the possibility that 
the keeping quality of butter might be foretold by determining 
the mold and yeast content. They were successful in a certain 
percentage of the cases but remarked that, “Our way selected so 
few good keepers that a cold storage could not have made a living 
by our method.” Lund (12, 13, 14) considered in 1921 that no 
relationship between the yeast count of butter and its flavor or 
keeping quality could be shown from the evidence then at hand. 
Shutt (21) concluded from a study of 21 samples stored at 21°F. 
for 6 months that apparently butter made from cream that was 
thoroughly pasteurized and protected as much as possible from 
recontamination would maintain a keeping quality superior to 
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butter made from cream contaminated during churning. Greg- 
ory (4) makes the statement that “It is not surprising to see no 
relationship existing between the keeping quality and the yeasts 
and molds” in the butter he examined. Hood and White (4) 
are of the opinion that butter made from cream inefficiently 
pasteurized and recontaminated in handling and containing a 
large number of molds and yeasts, was subject to molding before 
being consumed. 

From a perusal of this literature it is apparent that there is 
some difference of opinion as to the value of the mold and yeast 
count as an index of keeping quality. There is also a dearth of 
experimental data upon the subject. 


SOURCE OF MATERIAL 


The samples of butter which served as the bases for the studies 
reported herewith will be considered in four groups which are 
explained as follows: 

Group I. The entries in the 1927 storage butter contest of 
the National Creamery Buttermakers’ Association consisted of 
297 lots of butter, most of which were in twenty pound wooden 
tubs. These samples of butter were available for analysis at 
the time they were given their original score in June by three 
nationally known judges. A sample was taken from each tub 
at that time and a mold and yeast count made therefrom. These 
butters were removed to a commercial cold storage warehouse 
where they were stored for five months at —5° to —10°F. At 
the time they were withdrawn from storage another scoring was 
made by the same judges so that it was possible to determine 
the keeping qualities of each piece of butter and compare it with 
the original mold and yeast count. 

Group II. This group consisted of 100 prints of butter pur- 
chased locally and representing fresh butter from 100 different 
creameries in Minnesota and Wisconsin. These prints were 
quarter pounds, half pounds, or pounds but all were in one pound 
cartons. They were scored by official Federal-State Butter 
Graders at the time they were purchased and after they had been 
stored for 6 weeks at 34° to 36°F. in the cooler of the creamery at 
the University Farm. 
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4 Group III. This set of butters was purchased at the same 

‘4 time as Group II and represented the same creameries. This 

4 group was scored as above, both fresh and after storage at 50° 

7 to 52°F. for 6 weeks in a laboratory refrigerator. 

5 Group IV. One hundred lots of print butter were purchased 
a year later from the same source as Groups II and III. In all 
there were five hundred pounds purchased, five pounds from the 

an same churning from each of 100 creameries. The prints were 

. selected from the printing tables in sequence so that they might 

be reasonably comparable in quality. Each lot was scored by 

the official graders when obtained. Analyses were made of one 

: sample of each lot when fresh. One of the remaining prints of 

. each lot was then stored for 4 weeks, another lot for 6 weeks, at 

34° to 36°F. in the cooler at the University Farm, while the two 

remaining prints were placed in the laboratory refrigerator at 
50° to 52°F. for periods of 4 and 6 weeks respectively. At the 
end of these storage periods all samples were rescored by the 
official graders. 


METHODS OF ANALYSIS 
Sampling 

Group I. A butter trier was used to obtain a 4-inch plug of 
butter from the tubs to be analyzed. This sample was then 1 
placed, with the aid of a sterile wooden spatula, in a sterile glass 
jar provided with an aluminum screw top. 

Groups II and III. Slices of butter were cut from the ends of 
the prints by means of a sterile wooden spatula and placed in 
glass jars as above. 

Group IV. One-half of the pound of butter was cut into pieces 
and placed in a sterile, wide-mouthed, pint Mason jar with the 
aid of a wooden spatula. 


Plating procedure 
The sample jars were placed in a water bath at a temperature 
of 37° to 38°C. After the sample had been thoroughly melted 
and mixed, 1 cc. of the butter, or necessary dilutions of it, were 
plated as usual. The plates were poured with whey agar. Just 
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before pouring, 1 cc. of 1 per cent sterile tartaric acid solution 
was added to each plate. The plates were incubated at room 
temperature (20° to 25°C.) for three days before counting. 
Counts are reported per cubic centimeter of butter. 


TABLE 1 
Distribution of counts in fresh butter 
DISTRIBUTION OF COUNTS 
COUNTS 
Group I Group II Group III Group IV 

a per cent per cent per cent per cent 
0-5 56.5 50.0 45.0 64.0 
6-10 14.5 14.0 19.0 16.0 
11-50 20.2 32.0 29.0 16.0 
51-100 2.4 1.0 5.0 2.0 
101-1 ,000 6.1 3.0 2.0 1.0 
1,100-5,000 1.3 0.0 0.0 1.0 

0-5 19.2 60 7.0 7.0 
6-10 7.4 7.0 7.0 3.0 
11-50 24.7 26.0 24.0 17.0 
51-100 9.5 19.0 21.0 17.0 
101-1 ,000 25.0 42.0 41.0 39.0 
1,100-5,000 9.1 0.0 0.0 13.0 
5, 100-25 ,000 3.7 0.0 0.0 4.0 
25, 100-90 ,000 1.4 0.0 0.0 0.0 

Total counts 

0-5 13.2 5.0 5.0 4.0 
6-10 9.1 6.0 7.0 4.0 
11-50 25.0 23.0 19.0 18.0 
51-100 10.5 20.0 23.0 17.0 
101-1 ,000 27.4 46.0 46.0 40.0 
1,100-5 ,000 9.4 0.0 0.0 12.0 
5, 100-25 ,000 4.0 0.0 0.0 5.0 
25, 100-100 ,000 1.4 0.0 0.0 0.0 


PRESENTATION OF DATA 


The mold counts obtained in the analysis of the fresh butters 
in the four groups just before they were placed into storage are 
given in table 1. It will be noted that more than 60 per cent of 
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the samples contained less than 10 molds per cubic centimeter. 
The maximum mold count obtained did not exceed 5,000 per 
cubic centimeter. The majority of samples would be classed 
as good from the standpoint of the accepted standards of mold 
counts of butter. 

As usual, the yeast counts were found to be higher than the 
mold counts, as shown also in table 1. The larger percentage of 
samples exhibit yeast counts above 50 per cubic centimeter. 
The maximum yeast count was 90,000 per cubic centimeter. 

When the mold and yeast counts are combined to give the 
customary total count the results are as indicated in table 1. 


TABLE 2 
Relation between mold counts and score of fresh butter 
SAMPLES IN EACH GRADE SHOWING MOLD COUNTS OF 50 OR LESS 
one PER CUBIC CENTIMETER 
ORIGINAL SCORE 
Group I Group II | Group III} Group IV 
per cent per cent per cent per cent per cent 
94.00 or higher 45 87.9 0.0 0.0 100.0 86.7 
93 .00-93 .83 297 92.6 97.9 97.9 97.0 95.3 
92.00-92 .83 134 90.8 95.7 91.3 91.7 91.8 
91.00-91 .83 69 91.4 100.0 93.8 100.0 94.2 
90.83 or lower 52 88.2 92.3 84.6 88.9 88.5 
597 


Here it will be noted that less than 25 per cent of the total counts 
are below 10 per cubic centimeters. In Group IV only 8 per 
cent of the samples have such a low count. The majority of 
total counts are above 50 per cubic centimeter and reach a 
maximum of 90,400. The distribution of these counts is suffi- 
ciently wide to permit some reasonably representative com- 
parison. 

It is interesting to note whether or not there is any correlation 
between the score of the butter and the mold and yeast counts. 
Table 2 shows the distribution of samples according to the original 
score. Those showing scores of 94.00 or higher are considered as 
one grade, those between 93.00 and 93.83 as another and so on, 
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down to the lowest scoring butters of which there were only 7 
below 90.00. The majority of samples were of 92 or 93 grade 
as the table points out clearly. In order to condense the ma- 
terial, the comparisons are made upon the basis of the percentage 
of samples showing mold counts of 50 or less per cubic centi- 
meter. As an example, the table shows that 87.9 per cent of 
the samples in Group I, that scored 94.00 or higher, contained 50 
molds or less per cubic centimeter. If the data are studied 
carefully there appears to be no consistent relationship between 
the original score of the butter and the mold counts. 

The same sort of comparison may be made between the yeast, 
or total count and the score of the butter. Likewise, there is 
no apparent relationship between yeast or total count and 
original score. 

The question is sometimes raised as to whether or not high 
yeast counts accompany high mold counts. When the ten 
samples showing the highest mold counts in each group were 
selected, it was found that 80 per cent of the samples in Group I 
and 90 per cent in Groups II, III, IV had accompanying yeast 
counts which were more than 100 per cubic centimeter. In the 
same way, when the samples showing the ten lowest mold counts 
were selected, it was noted that only 20 per cent of the samples 
in Group I, none in Group II, 10 per cent in Group III and 40 
per cent in Group IV had accompanying yeast counts above 
100 per cubic centimeter. Apparently there was a tendency for 
high yeast counts to accompany high mold counts in these samples 
of butter. 

When one reaches the point where an attempt is made to deter- 
mine whether or not there is any correlation between the mold 
or yeast count and the keeping quality of the butter he is con- 
fronted with the selection of the proper basis of comparison. 
Where an average of the individual losses in score is made ithas 
a tendency to blend the high and low points so that the end 
result does not always represent the true situation. However, 
table 3 gives the average loss in score which occurred in samples 
of varying mold and yeast counts in the four groups. It will be 
noted that there are considerable fluctuations in the average 
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losses of samples of varying mold or yeast content. It may be 
noted that there is a slight tendency for the samples with the 
lower counts to show less deterioration than those with high 
counts. This would be brought out more clearly if the samples 
were combined into those containing fifty or less molds or yeasts 
per cc. and those containing more than that. If this were done, 


TABLE 3 
Relation between mold, yeast, and total counts and keeping quality of butter 


AVERAGE LOSS IN SCORE DURING STORAGE 


ORIGINAL count | Group I, Group II, | Group III Group IV 
~ — 3¢-96°F., | 80-82°F., = 


Molds bie 

pond 
0-10 —0.49 | —2.81} —3.63 —2.69 | —3.13 | —3.73 | —4.38 
11-50 —0.6€0} -—4.59 -—3.16 | —3.78 | —3.53 | —4.50 
51-100 —0.63 | —2.00; —5.30| —4.00 | —3.75 | —4.25 | —4.25 
50 


101 or more | —1.15| —4.50| -3.50| —4.00 | —3.00 | —3.00/} —3. 


Yeasts cubic 


0-10 —0.57 | —2.92| -—3.54] —2.20 —2.35 | —3.15 | —4.05 


11-50 —0.34 —2.73 —3.81 —2.85 | —2.76 | —3.85 | —4.12 
51-100 —0.71 —2.92| —2.62 | —3.53 | —3.76 | —4.71 
101 or more —0.68 | -—3.29| —4.49| -—2.98 | —3.46 | —3.72 | —4.41 
Total per cubic 
centimeter 
0-10 -—3.55| -—2.13 | —2.44| —3.06 | —4.19 
11-50 —0.35 —2.65 —3.76 —2.75 | —2.72 | —3.81 | —4.17 
51-100 —0.49 —2.93 —3.67 —2.68 | —3.47 | —3.76 | —4.47 


101 or more —0.72| -—3.27| -—4.35 | —2.98 | —3.45 | —3.73 | —4.44 


the only exception would prove to be among the samples in 
Group IV stored for 4 weeks at 50° to 52°F. In any case, how- 
ever, the differences are so slight that they are scarcely significant. 
The difference of opinion which might exist between three judges 
scoring the same sample of butter might very easily be greater 
than the differences indicated by the average figures. 

It is interesting to note in table 3, the marked deterioration of 
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the print butter in Groups II, III, and IV, at the temperatures 
of the better household and grocery refrigerators, refrigerator 
cars or even the cool rooms of the warehouses of wholesalers and 
distributors. Even though these samples have been stored some- 
what longer than the average print of butter is kept, it is conceiv- 
able, and in fact it has been shown, that some prints are held for 
such periods of time before the dealer disposes of them. Further 
they are seldom stored at temperatures below 30°F. from the 
time they leave the creameries or western warehouses, until they 
reach the consumer’s table. The importance of temperature in 
the deterioration of butter is clearly demonstrated by these 
data. 

If one considers the relation between the counts and the deter- 
ioration of the butter from another angle, he might determine 
whether there was a greater tendency for high count butters to 
lose in score during storage by figuring the percentage of samples 
with different counts which deteriorated. For example, it was 
noted that while 63.9 per cent of the samples in Group I contain- 
ing 10 or less molds per cubic centimeter showed a loss in score 
during storage, 84.2 per cent of the samples with a count of over 
100 per cubic centimeter deteriorated. This shows a tendency 
toward better keeping quality in the low count butter. In 
general this appears to hold true according to the data for all 
groups but the difference is so comparatively small, it is almost 
insignificant. 

There is still another method for presenting the data concern- 
ing the relation of counts to keeping quality. This is shown in 
Figure 1 in which distribution curves are presented. As will 
be noted, there are two curves, one for the samples showing a 
total count of 50 or less per cubic centimeter and the other for 
those with more than 50. The percentage of samples in each 
category showing the various losses or gains in score is illustrated 
in the graph. The curves are typical of those which might also 
be presented for mold or yeast counts in any one of the four groups 
but which have been omitted in order to conserve space. As 
has been indicated in table 3, there is a slight advantage in keep- 
ing quality to be recorded for the low count samples but it is 
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Correlation tables have been prepared from the data reported 
but inasmuch as the methods of presentation of the data, which 
have been used above, give the results in essentially the same re- 


TABLE 4 
Mold, yeast, and total counts as indices of keeping quality 
Data from results obtained in Group I stored for 5 months at —5 to—10°F. 
They are representative of data in other groups. 


MOLD couNTS | | TEAST COUNTS mona | Tora: counts 
Minimum per Minimum per 
cable 

0 —4.50 0 —3.34 0 —2.00 
0 —3.34 0 —2.50 0 —1.50 
0 —2.50 0 —1.50 0 —1.34 
0 —2.00 0 —1.50 0 —0.16 
0 —2.00 0 —1.50 0 +0.34 
0 —1.84 0 —1.16 1 —1.50 
0 —1.75 0 —0.84 1 —0.50 
0 —1.50 0 —0.50 1 —0.34 
0 —1.34 0 —0.34 1 0 
0 —1.34 0 —0.34 1 +0.34 

. Maximum per 

3,140 —0.50 90,000 —2.50 90, 400 —2.50 

2,600 —0.50 90,000 +0.34 90,130 +0.34 

2,250 —1.84 44,000 —1.50 44,140 —1.50 

1,140 —2.75 30,000 —0.66 30, 450 —0.66 
900 +0.84 24,000 —2.34 24,310 —2.34 
800 —1.00 24,000 —1.66 24,016 —1.66 
570 +0.16 12,000 +0.16 12,600 —0.50 
480 —0.50 11,200 —1.09 12,520 +0.17 
450 —0.66 11,000 —0.16 11,200 —1.09 
420 —1.00 10,000 —0.50 11,050 —0.16 


lationships, they have also been omitted. They show no real 
correlation between the counts and keeping quality. 

To approach the situation from a different angle, consider the 
possibility that there was a tendency for the low count samples 
to show better keeping quality such as indicated by the averages 
in table 3. Then one may select samples from among those 
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showing high or low counts and determine whether it would be 
possible to pick out the samples of superior keeping quality. 
Such a plan is illustrated in table 4. 

Ten samples in Group I showing the minimum mold, yeast and 
total counts were selected. The losses or gains in score accom- 


TABLE 5 
Relation between maximum gains or losses in score and mold, yeast, and total counts 
Data from results obtained in Group I stored for 5 months at —5 to —10°F 
They are representative of data in other groups 


Maximum losses 
—4.50 0 220 220 
—4.00 4 74 78 
—4.00 21 250 271 
—3.34 0 2 - 
—3.34 2 330 332 
—3.34 230 300 530 
—3.34 5 1 6 
—3.00 4 39 43 
—3.00 10 8 18 
—2.84 4 665 669 

Maximum gains 
+2.16 2 820 
+2.16 21 120 141 
+2.00 10 530 540 
+1.84 2 350 352 
+1.84 21 20 41 
+1.75 9 1,300 1,309 
+1.66 0 1 1 
+1.66 1 1 : 
+1.66 2 37 39 
+1.50 3 260 263 


panying these samples are likewise recorded. The same is done 
for the ten samples showing the maximum counts. It is readily 
seen that one could go far wrong in attempting to pick a lot of 
butter of superior keeping quality on the basis of low mold or 
yeast count. For example, there is a sample with a 0 mold 
count which lost 4.50 points in storage, while another butter 
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with the very highest mold count lost only one-half point. The 
same sort of comparison could be made upon the basis of yeast 
or total counts. Obviously the mold or yeast count does not 
predict the keeping quality infallibly. 

Table 5 carries the application one step further. Here are 
arranged the greatest losses and gains in score along with the 
counts of the butters constituting Group I. It is seen clearly 
that there is very little difference between the counts in either 
group. In other words, deterioration is not measured by the 
mold or yeast count. 


DISCUSSION OF RESULTS 


A study of the 597 lots of butter which constitute the basis for 
these investigations indicates that there is a wide range of mold 
and yeast counts among these samples which are quite representa- 
tive of commercial butter. The yeast counts in general run 
much higher than the mold counts, which is according to the 
experience of others. 

There does not appear to be any relationship between the 
counts and the score of the butter. The score of fresh butter 
depends upon many factors. Often the lower scoring butters 
are made from cream as efficiently pasteurized as that for high 
scoring butters. Again, it is known that the highest scoring 
butters, especially in contests, carry a low salt content which 
may explain why many of them show high counts. If total 
counts are considered, the averages for all the groups of samples 
here reported show that the lowest counts occur most frequently 
in the 92 grade of butter and that percentages of low counts de- 
crease in both directions from this class. Other studies have 
shown that 92 scoring butter often shows the superior keeping 
quality. At best, however, the differences are too slight to form 
a basis for selection or discrimination. 

While the data which are presented do not appear to show that 
the mold and yeast counts are of any value as indices of keeping 
quality, one must not infer that the determination of these counts 
is a useless operation. It is generally agreed that mold and 
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yeast counts do serve a very important function in controlling 
manufacturing practices. They offer a means for checking the 
efficiency of pasteurization, sterilization of equipment, and general 
sanitation within the creamery. We have no substitute for 
them in this connection. Just what relationship yeasts and 
molds themselves may have to the deterioration of butter is not 
entirely known. It is evident however that the relationship 
need not be quantitative. There are many examples in micro- 
biology where the alterations in an organic material are not a 
matter of numbers of microérganisms but rather of the types and 
their specific capabilities. Just because the mold and yeast 
counts do not serve as criteria of keeping quality there is no 
reason to assume that molds or yeasts do not play a part, directly 
or indirectly, in the deterioration of butter in storage. There is 
enough evidence available to show that certain molds are capable 
of bringing about marked changes in the flavor and aroma of 
butter. The very glaring defects in technique and the possibili- 
ties of missing foci of infection when sampling butter might 
often explain why defects appeared where analyses did not indi- 
cate any danger. Whatever the explanation for butter deteriora- 
tion may be, it is evident that the mold and yeast counts of the 
butters constituting the basis for this report, did not offer any 
encouragement for their use as criteria of keeping quality. There 
are so many factors playing a part in the production or destruc- 
tion of favorable characteristics of butter that it is not all unex- 
pected that this conclusion should be reached. The mold and 
yeast count has an important place in the creamery industry 
but apparently it is not to serve as an index of the keeping quality 
of butter. 


SUMMARY 


1. Data are presented upon the mold and yeast counts and 
the keeping quality of 597 samples of butter. Among these 
297 were in tubs and 300 in one-pound cartons. 

2. The mold counts ranged from 0 to 4800 per cubic centi- 
meter; the yeast counts from 0 to 90,000 per cubic centimeter; 
and the total counts from 0 to 90,400 per cubic centimeter. 
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3. No consistent relationship was apparent between the mold 
or yeast counts and the quality of the fresh butter. 

4. In general, high yeast counts accompanied high mold counts. 

5. Considered as a group, the samples of butter with the lower 
mold, yeast and total counts showed a tendency toward slightly 
better keeping quality than those with higher counts. 

6. The mold, yeast or total count of individual samples did 
not serve as a reliable index of the keeping quality of the butter. 
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through chemical 
sterilization 
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all washed utensils and containers before 
their contact with milk effectively 
combats that source of contamination. 


For sterilizing equipment such as 
separators, milking machines, pipe lines, 
ete. the B-KX Way is also equally efficient 
and expeditious. 
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effective method of sterilization. Itis 
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Write us for tabulated bacteriological 
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about the Helix Holder.”’ 
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“Milk after pasteurization by 
the Precision System has a DEEP- 
ER CREAM LINE and TASTES 
BETTER than before being pas- 


teurized.”’ 


“Never heard that one before— 
how do you account for it?” 


“Easy. The Helix holds every 
drop of milk for exactly the right 
length of time. It can’t be crowd- 
ed or rushed, nor can it be slowed 
down. And, because no milk is 
overheated at any time—tempera- 
ture is regulated to tenths of degrees 
—the finished product has a super- 
ior flavor and an unusually deep 
cream wall.”’ 
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“What about cream line and flavor?” 


“You talk as if it were a simple 
thing to do all this.”’ 
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“Sounds almost too good, but if 
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The complete story of the Helix 
Holder is an interesting one to the 
progressive milk dealer. It is told 
in Bulletin C-300. We'll gladly 
send you a copy upon request—no 
obligation. The Creamery Pack- 
age Mfg. Company, 1244 W. Wash- 
ington Blvd., Chicago, Illinois. 
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